


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1966 


Transonic turbine test rig exhauster system 
tests and tests of a reaction turbine. 


Naviaux, Jacques Calvert. 


http://hdl.handle.net/10945/9660 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NPS community. 
3 Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
KNOX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


NPS ARCHIVE 


1966 
_ МАМТАОХ, 3. 





TRANSONIC TURBINE TEST RIG EXHAUSTER 
SYSTEM TESTS AND TESTSOFA ` 
REACTION TURBINE 


JACQUES CALVERT NAVIAUX 


- -— Ec 
ск з ro e 


02. ' 


CALIF » 


u ب‎ А 
وک‎ 


1 
ы годзі 


Vas TR, 


DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOO! 


MONTEREY CA 93543.5401 


This document has been approved for public 
release and sale; its distribution is unlimited. 

















DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOO! 
MONTEREY CA 93043-5101 


TRANSONIC TURBINE TEST RIG EXHAUSTER SYSTEM TESTS 
AND 
TESTS OF A REACTION TURBINE 
by 
Jacques Calvert Naviaux 


Captain, United States Marine Corps 
B.S., United States Naval Academy, 1959 


Submitted in partial fulfillment 
of the requirements 
for the degree of 


MASTER OF SCIENCE IN AERONAUTICAL ENGINEERING 
from the 


UNITED STATES NAVAL POSTGRADUATE SCHOOL 
December 1966 


rh 
У 


( 
Ды 


/ \ 
АВ5ТЕАСТ 


The primary purpose of the Exhauster System of the Transonic 
Turbine Test Rig of the United States Naval Postgraduate School, 
Monterey, California, is to increase the range of turbine operating 
pressure ratios by maintaining a partial vacuum inside a hood that 
encloses the turbine. The first part of this study is concerned with 
the design and the tests of the exhauster system. The experiments 
were used to establish a ше һай predicting the operating character- 
istics of similar ejectors which is based on the universal ejection 
properties of turbulent jets. 

The second part of this study describes turbine tests utilizing 
the exhauster system that were carried out to investigate the effects 
of high values of the isentropic head coefficient and Reynolds number 
on the turbine performance. No correlation could be ¿Susa sn ss be- 


tween turbine Reynolds number and performance in the range tested. 
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Table of Symbols 
Cross-sectional area (in? or ft?) 
Specific heat at constant pressure (BTU/1bm-°R) 
Diameter (in) 
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Temperature (°R) 
Instantaneous velocity in the x direction (ft/sec) 
Instantaneous velocity in the y direction (ft/sec) 
Flow rate (lbm/sec) 
Longitudinal coordinate (ft. or inches) 
Flow nozzle expansion factor (dimensionless) 
Specific heat ratio; ср/су (dimensionless) 
Efficiency (dimensionless) 


Density (1bm/ft?) 


ф Non-dimensional flow function 


d Referred pressure БЕЗ ЕЕ саз Балада 15.7 psia (dimensionless) 
Referred temperature, npo Tora = 518.4 OR 
(dimensionless) 
Subscripts 
a Standard jet 


AMB Ambient conditions 


Arbitrary jet 


F° 


m Centerline velocity 

о Characteristic of the jet 

Т Total pressure or temperature 

зе Existing in the undisturbed part of the flow 
Superscripts 

о 


Ratio between the surrounding fluid and the jet 


Part I 


TTR Exhauster System Tests 


1. Introduction 

The Transonic Turbine Test Rig installed at the Propulsion Labora- 
tory of the Department of Aeronautics, U.S. Naval Postgraduate School, 
Monterey, California, receives its air supply from an Allis-Chalmers 
VA 312 compressor. The maximum turbine inlet total pressure attainable 
from the compressor is about #3 psia. In order to increase the range 
of possible operating pressure ratios with the existing air supply, 
the turbine is enclosed in a hood which is partially evacuated by the 
exhauster system. Since the turbine can only utilize a small portion 
of the mass flow from the air supply, the remainder can be used to 
drive the exhauster. 

Very little design information is available on supersonic ejectors. 
The first part of this thesis is concerned with the evaluation of the 
d sien and performance of the exhauster system, and an investigation 
of the phenomena associated with a bounded, supersonic jet. 

Funds for designing and building the Transonic Turbine Test Rig 
(TTR) were furnished by the Bureau of Naval Weapons (RAPP-14). Greatly 
appreciated advice and counsel was provided by Professor M.H. Vavra. 
Mr. L.T. Clark of the Department of Aeronautics furnished a great deal 
of advice and assistance in performing experiments. 

2. Installation 
Exhauster Installation 

The complete TIR and exhauster installation is covered in detail 
by Eckert. [5] To test the exhauster separately from the turbine, a 
dummy exhauster hood was constructed for this purpose and secondary 
air was taken in from the atmosphere through a standard orifice instal- 


lation. The standard orifice installation described by Eckert was 


equipped with a bellmouth on the intake side and a diffuser at the hood 
entrance. [4] Figure 1 shows a schematic of the secondary air flow in- 


Stallation. 


% 
= 


In addition to the static pressure taps installed in the exhauster 
and described by Eckert, Kiel probes were installed in the nozzle 
plenum chamber and secondary air inlet pipe (Figure 1). [5] Static 
pressure tap Station designations are given in Figure 1. All pressures 
were measured in inches of mercury against atmospheric pressure as a 
reference, using 96 inch manometers with .01 inch graduations, except 
for the driving-nozzle total pressure which was measured on a precision 
gauge graduated in increments of .05 lbs/square inch. Secondary flow 
rate differential pressures at the metering orifice were measured in 
centimeters of mercury on a micro-manometer graduated in increments of 
.01 em. Total temperature readings were measured with standard I.C. 
thermocouples using an ice bath as a reference. 

3. Exhauster-Only Tests 
General 

Initially the nozzle total pressure was held constant while the 
gate valve (Figure 1) was used to vary secondary flow rates. Runs 
were made with the nozzle total pressure set at 20, 25, 30, and 35 
psia. Then with the gate valve (Figure 1) fully open, nozzle total 
pressure was varied from 2 psig to the maximum obtainable from the 
Allis-Chalmers compressor in increments of 2 psig. Flow rate measure- 
ments from the standard orifice, nozzle total pressure and temperature, 
and static pressure readings were taken at each operating condition. 

In order to minimize the temperature difference between the primary and 


secondary flows, the Allis-Chalmers aftercooler was run at the full 
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cold setting, giving a temperature difference of about 20 degrees Fahren- 
heit between the primary and secondary air. The tests were then repeated 
with one 40 inch long section of the mixing tube removed. 

Since the nozzle cannot accommodate the full flow rate of the Allis- 
Chalmers compressor, it was necessary to throttle the compressor flow, 
discharging a portion of it to the atmosphere. The maximum total pres- 
sure obtainable at the driving-nozzle was limited by approaching temper- 
ature and surge limits on the compressor. А six foot flexible pipe 
connection between the driving-nozzle and air supply (Figure 1) pro- 
duced an unexpectedly large pressure loss (about 8 psig static pressure) 
limiting the nozzle total pressure to a maximum of 36 psia. 

The entire system was allowed to stabilize before taking readings 
at each point of operation. The system was very stable except at high 
secondary flow rates, where the static pressures at stations one through 
four showed a large low frequency variation of as much as 2 inches Ж 
mercury. However, this instability was not reflected in the total 
pressure maintained inside the hood. The instability in the mixing 
tube at high flow rates is contrary to both experimental evidence and 
theory given by Alexander, Baron, and Comings. [3] These authors found 
that the instability in the mixing tube occurred at zero secondary flow 
rates and hypothesized that this was due to the natural function of the 
jet in entraining air from its surroundings, requiring a reverse flow 
eddy in the absence of any secondary flow. At zero secondary flow 
rates, the TTR exhauster system was very Stable, even at the maximum 
driving nozzle total pressure ratio. It is possible that hood leakage 
may have furnished a slight amount of secondary flow to stabilize the 
jet at zero secondary flow rates, although no evidence of any leakage 


was detected. 
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Тһе first attempt to obtain velocity profiles was made with a W-157 
probe built by the United Sensor Corporation, East Hartford, Conn., which 
is a wedge shaped probe with an included angle of about 34 degrees. The 
probe has a total pressure tap located in a small cut-out section and 
static pressure taps located on the face of the wedge. A mercury man- 
ometer was used to set the probe to a zero yaw angle by equalizing the 
Static pressures from the two face taps. 

Although it was realized that the detached shock Mach number for 
the wedge would be above the Mach numbers encountered in the flow, it 
was hoped that a calibration curve could be obtained over the Mach num- 
ber range of interest (.7 to 1.9). The supersonic wind tunnel with 
variable Mach numbers available at the U.S. Naval Postgraduate School 
is an AMRAD Model W-4 miniature blowdown tunnel. Since the physical 
dimensions of the probe precluded use of the actual probe for any cali- 
bration work, a full scale model of the probe tip complete with total 
and static pressure taps was constructed so that it could be mounted 
in the tunnel. Attempts to calibrate the probe on two occasions were 
completely futile since none of the readings obtained were repeatable 
within a tolerance of + 50 percent. 

Flow over the wedge was examined visually by means of a Schlieren 
system but failed to show any unusual conditions which might have ac- 
counted for the wide variations in dynamic pressure. It is possible 
that the tunnel calibration curves are inaccurate or that repeatable 
Mach numbers cannot be obtained with the tunnel. The probe was tested 
for leaks, and none were found upon completion of testing. 

While waiting for the construction of the probe model, velocity 


traverses were taken with the W-157 probe with the concept that flow 
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yaw angles could be checked even if the probe could not be calibrated. 
No evidence of any large swirl components was found since the yaw 
angles did not exceed 5 degrees and were usually less than 1 degree. 
However, upon completion of the traverses, it was found that the W-157 
probe had developed a leak between the total and one static tap; there- 
fore, no conclusions can be based upon data obtained with this probe. 

The next attempt to take velocity traverses was made with a pitot- 
Static tube 1/16 inch in diameter mounted on a % inch stainless steel 
tube. This tube produced very erratic readings attributable to severe 
probe vibration. Since the probe did indicate a very unsymmetrical flow 
pattern, this possibility was checked by reading static pressures from 
one orifice at a time at each Station. All of the pressure taps pro- 
duced readings within .05 inches of mercury of each other showing no 
indication of unsymmetrical flow. 

Since the difficulties seemed to be due to probe vibration, a 
total head probe (Figure 2) was constructed so that it could be sup- 
ported from both ends. The idea of constructing a pitot-static probe 
was discarded initially, since the holes through which the probe had 
to be inserted were too small for a static probe with the orifices lo- 
cated far enough back of the tip to conform to standard practice (eight 
to ten diameters). Therefore, it was assumed that the static pressure 
was uniform across the section and total head traverses were made only. 
The total head traverse at station one indicated a lower total pressure 
at the centerline than at the off-center stations. Since this phenomena 
was not expected at the time, a small non-standard static probe was 
constructed anyway (Figure 2) to take static traverses. The velocity 


profiles shown in Figures 3 to 5 were obtained with these measurements. 
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No attempt was made to calibrate the probes due to lack of facili- 
ties. In addition, the probes could not be inserted or withdrawn while 
the system was in operation without damage to the probe, so that a 
slightly different equilibrium point was attained for each station. 

Data Reduction 

Secondary flow rates were measured by the orifice installation in 
the secondary flow inlet. Calculation of flow rates was accomplished 
by computer program based on the orifice formulas used by Eckert. [4] 
Agreement of flow rates calculated from vena contracta and flange tap 
differential pressures were within 2 percent for all flow rates and 
generally within 1 percent or less. 

Nozzle flow rates were calculated from assumed polytropic expo- 
nents and measured values of nozzle total temperature and pressure. 
Calculations for nozzle flow rates in the subsonic region utilized 
isentropic flow and one-dimensional normal shock relations. 

The velocity profile data reduction was accomplished by means of 
a computer program using the Rayleigh formula, with the known local 
Static and total pressure behind the shock. Standard compressible 
flow relations were used for subsonic velocities. 

4. Exhauster Performance 
General 

The classical method of analysis is based on a one-dimensional 
momentum analysis; however, if nothing is known about the secondary 
flow except its initial total pressure and temperature, the problem 
cannot be solved since the number of unknown quantities exceeds the 
number of independent flow equations that can be formulated. There- 


fore, it became necessary to find an additional relationship between 
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the primary and secondary flow rates. 

Of all the various approaches dealing with the problem of turbulent 
jets, the one that appeared to have the greatest potential is a hypo- 
thesis set forth by O, V. Yakovlevskii. [14] His hypothesis, based on 
a wide survey of experimental and theoretical data,is that in the dis- 
charge of a gas jet, the ejection properties are the same as those of 
a geometrically similar submerged jet of an incompressible fluid with 
the same initial impulse. A submerged jet is defined as a free jet 
discharging into a fluid at rest. This hypothesis leads to the con- 
cept of the universality of the ejection properties of a turbulent jet 
regardless of the conditions of discharge. 

Assuming that the basic property of a jet is its impulse, and that 
the basic characteristic of such a jet is the ejection or entrainment 
of mass from the Surrounding media, an arbitrary jet and a standard, 
isothermal, submerged free jet discharging from geometrically identical 
nozzles with identical impulses in the initial cross section should 
have similar ejection properties. 

The basic part of Yakolevskii's analysis iS presented here as a 
basis for further development, retaining the author's notation: 


Restating the basic hypothesis in mathematical form, 


а 


ба 
X 


(1) аб; 
ах 





о. 


where: 
G = gas discharge, OVA in the initial cross section 


longitudinal coordinate in the direction of flow 


04 
T 


F° 
II 


index referring to an arbitrary jet 


a = 1ndex referring to a standard, submerged, isothermal jet 
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Then, the relationship between the standard jet and the arbitrary 


jet is expressed by the ratio, 


(2) Ga = Pa 2 е 
D о; V Ў 


where Qa is the density of the surrounding medium and ° is the density 





ratio. Let: 


o 


(3) G m 
| & 


where Gg is the gas discharge at the initial cross section and, 


(4) sex 


Yo 


where rj is the initial radius of an axisymmetrical jet. Eq. (2) can 


now be written in a non-dimensional form: 


(5) dG; fet зано 
dx ° qx 


This hypothesis amounts to the assumption of the universality of trans- 
verse and longitudinal velocity profiles. 
It is shown by Yakovlevskii that the increase in flow rate in some 


arbitrary section of the submerged jet (Figure 6) is, [14] 


(6) dG : 2 TY 0— Ve v dX 
where: 
OP. = density in the undisturbed part of the flow 
Veo = instantaneous velocity in the y direction in the undisturbed 


part of the flow 


Putting Eq. (6) into a non-dimensional form, 


"m ао Е ВУ Um „° Мо 
cl x ° Yo Мо Шу» 
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where: 


0. - the ratio of the density of the undisturbed portion 
о, of the surrounding flow to the density of the jet 


0 
li 


Y - radius at some arbitrary point of the jet 
Um = instantaneous centerline velocity in the x direction 


Vo - instantaneous velocity in the x direction in the undisturbed 
part of the flow 


U. = instantaneous velocity in the x direction of the jet discharge 
He goes on to state that the following relationship is valid for this 
case: 


> у= E Утв) ку 


and that for small values оғо, ф is a constant. Thus, 


(9) T Pa 


ах” “Мо Um 


Then, using Eq. (7) he gives the formula for the initial cross- 





section of an axisymmetric jet as, 


(10) Gs vo SEN X ка, | 


where <, and (3, are experimentally determined constants. The follow- 
ing values are given by Yakovlevskii for the case of an incompressible 
submerged free jet: [14] 


ос 0.7085 ro*0.. 299 


В, = -4.3 
The minus sign attached to &, is due to the Russian practice of basing 
jet coefficients on the assumption that the jet is issuing from a point 
source located at some distance in front of the nozzle,as Eq. (10) be- 
comes meaningless near the nozzle. Taking the optimum length of the 


mixing tube as 8.5 nozzle diameters, an average of the commonly used 
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value of 7 to 10 diameters, and taking Cx, as 0.115, there is for an 


assumed value of \/ ©. of unity, 
Po 





o OON 4.76 Х 8.5 _ ы 
(11) G = ci = E JE 1.476 


where: 
4.76 = driving nozzle diameter (inches) 


8.5 = optimum length of mixing tube (driving nozzle diameters), 
taken as the value for x 


4.76/2 = initial radius of the axisymmetrical jet, Y, (inches) 

In actuality, E varied from about 1.2 to 0.96 for the present tests. 

The opt ine Besen chosen for the mixing tube was verified by re- 
moving one 40 inch section of the mixing tube. The tests showed that 
almost “identical operating characteristics were obtained for the 40 
and 80 inch long tubes. Comparing the coefficient of discharge of Eq. 
(11) with the experimental values of the present data (Table I) shows 
very good agreement between the two provided that a suitable choice is 
made for &,. However, on the basis of information available, and due 
to the wide variation of &, from author to author, the arbitrary choice 
of œ, to fit experimental data cannot be defended. It is noteworthy 
though that the term G9? is nearly a constant throughout the entire range 
of operation up to the point of secondary flow choking. Therefore, an 
attempt was made to place the flow relationship of Eq. (10) on a firmer 


basis. Using the standard definition of impulse function, 


(13) F : PA + АМ" 


the nozzle impulse function was plotted versus V£- where Q, is the 
о 


density of the nozzle discharge. Figure 7 shows that у is a linear 
o 


function of the nozzle impulse function. ТЕ the impulse function is 
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plotted versus the secondary flow rate (Figure 8), a linear relation- 
ship is evident up to the point of secondary flow choking, and thus the 
secondary flow rate for this particular system at a given nozzle im- 
pulse can be determined from Figure 8 for unchoked secondary flow. The 
linear relation holds only for the case where the nozzle discharge is 
supersonic. Since the geometry of the nozzle is fixed, there was no 
way to test the generality of the coefficient of discharge determined 
from Figure 8; however, since the basic hypothesis appears to be true, 
it should provide a reasonable first approximation for a geometrically 
similar system. 

The reason that the linear relationship between the nozzle im- 
pulse function and the secondary flow rate does not hold for the sub- 
sonic case is probably due to the fact that one-dimensional isentropic 
and normal shock relations were used to calculate nozzle exit condi- 
tions, and these are not truly representative of the actual flow 
phenomena. 

The next problem was DONE some means of determining the required 
mixing tube length. Since the original hypothesis was based on the as- 
sumed universality of velocity profiles, it was assumed that a determi- 
nation of the necessary length of the mixing tube could be based on 
incompressible flow. However, even with this simplification, the prob- 
lem was not tractable due to the presence of a longitudinal pressure 
gradient (Figures 9, 10) and the problems associated with turbulent 
flow. Therefore, an empirical approximation was sought. 

Viktorin carried out a series of experiments in 1941 using water 
as the driven and driving fluid. (12) His experimentation was based on 


an earlier theoretical analysis performed by Flugel.  Viktorin found 
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that the velocity distribution in the mixing chamber behaved in the same 


8 апа 


fashion as a circular wake with the width proportional to about x 
the centerline velocity proportional to about E The assumption is 
made that the mixing process reaches an optimum point when the core of 
the jet contacts the mixing tube, and that any further increase in mix- 
ing tube length will result in a trade off between increased mass flow 
rate and increased mixing and frictional losses. Assuming that the 
primary fluid emanates from a point source located at some point up- 
Stream of the nozzle in order to find a constant of proportionality, 

it was determined that the mixing process would reach an optimum state 
about 40 inches downstream of the nozzle. This was verified by the 
performance data (Figures 12, 13 and 14) for the system with one 40 
inch section of the mixing tube removed. 

A comparison of predicted centerline velocities with experimental 
data (Table II) shows that the predicted values are within 10% of the 
experimental values for stations two through four. The discrepancy at 
station six can be attributed to the fact that at this point the flow 
is completely mixed and is now characteristic of turbulent flow in a 
Pipe. It is thought that the flow at station one differs from the pre- 
dicted value due to off-design operation of the nozzle, i.e., the 
nozzle discharge static pressure is greater than the receiver static 
pressure, and the nozzle never reached the design point during the 
experimentation. Examination of the total pressure traverse shows 
that the maximum total pressure was not obtained on the axis of the 
jet. This matches experimental data given by Abramovich. [1] He shows 
that the jet actually has a small subsonic region along the centerline 


and that the centerline total pressure is less than the off-axis total 
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pressure until the flow has become sufficiently adjusted to become iso- 
baric. 

The analysis up to this point has considered only the case of un- 
choked secondary flow. As is evident from Figure 12, the secondary 
flow rate becomes almost independent of the nozzle total pressure above 
a pressure ratio of 2.3. A supersonic ejector has two regions of op- 
eration. One region, the so-called mixed region occurs when the driving- 
nozzle total pressure ratio is sufficiently low to make the ejector flow 
dependent on the back pressure. If the driving-nozzle pressure ratio is 
increased sufficiently, the flow will become independent of the back 
pressure, since it becomes supersonic. As the nozzle pressure ratio is 
increased even further, the secondary flow will eventually choke at the 
point of minimum area. 

The supersonic region is characterized by the condition that the 
secondary flow static pressure at the driving nozzle exit plane is less 
than the nozzle exit static pressure. This point of operation was not 
reached with this particular system, and the system operates in the 
mixed region. However, since secondary flow choking does occur, the 
possibility of sonic flow at the minimum secondary flow area was checked 
over a wide range of nozzle pressure ratios, and it was found that the 
secondary flow does not choke at this point. Tamia lation of the poly- 
tropic exponent and the flow function (Equation 14) between the secondary 
flow inlet and the nozzle annulus (Table III) shows that at the higher 
flow rates, the process is nearly isothermal and that the flow function 
approaches the critical flow function (Equation 17) indicating choking 
at some point between the inlet and the nozzle annulus. 


If the secondary flow is not restricted prior to reaching the 
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nozzle exit plane, flow characteristics can be found using a method 
developed by Fabri. [7] A more elaborate method utilizing the method 

of characteristics was presented by Addy. [2] Both of these methods are 
concerned with flow in the supersonic region. For flow in the mixed 
region, both authors use a form of the one-dimensional momentum anal- 
ysis. However, as mentioned before, solution of the momentum equation 
depends on control of the secondary flow rate or pressure ratio. 

The empirical method of determining the ejector pumping character- 
istics has some serious drawbacks as presented here. The coefficient 
of ejection which is based on empirical data is an unknown function em 
system geometry, and since the viscous effects have been ignored, it 
does not provide any means of predicting the pressure distribution in 
the mixing tube. Figures 9 and 10 show the mixing tube static pressure 
profiles. Мо theory could be developed "aes the mixing tube 
Static pressure distribution. 

Momentum Analysis 

Once the values of secondary flow rate are determined from Eq. 
(10), a one-dimensional momentum analysis can be conducted to determine 
exhauster performance. The analysis was designed to parallel the pre- 
liminary design calculations by Vavra in order to determine the validity 
of the one-dimensional approach. [10] In order to simplify the equations, 
polytropic process relations as well as the non-dimensional flow func- 
tion $ were used throughout. These were taken from Vavra. [9] 

For an expansion process, 


пө ау. Ф ДАРК Г | 


A Pro 
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where: 


(15) nC 
n = polytropic exponent 
^ - ratio of specific heats 
М - flow rate (lbm/sec) 
le = inlet stagnation temp. (9R) 
A - flow area at station of interest (in?) 
Duns inlet stagnation pressure (psia) 


P = static pressure at station of interest (psia) 


R.- gas constant for air (ft lb/lbm OR) 


g = universal gravitational constant (1bm-£t/1b-sec?) 
For a compression process, 
ео Е ОВ нтте 
АР 
where the subscripts 1 and 2 refer to the inlet and station of interest 
respectively. Figure 1 shows the exhauster with the station designa- 
tions used in the analysis. 
For the exhauster operating conditions the flow through the nozzle 


will be choked. For this condition, the flow function, $, becomes 


(17) Ф, и (rr) \/ = Ес ) 


It was assumed that the nozzle total pressure and temperature are 








known. Assuming a polytropic exponent for the flow in the nozzle to 
the throat, Ê can be calculated. Then, another polytropic exponent 


was assumed from the throat to the nozzle exit so that, 


(18) ф. = Фи %- 


Expressing the dimensionless flow function in terms.of pressure ratios, 


пи 
о фе УЕ - (ва) 


Зіпсе $. is known from the choked flow condition, and P and T are 


IN TN 


known, it was possible to solve for Рту by iteration. Having found 


PIN? 





(20) Tin = ITN [Zu E 


(21) VIN > V2 q Jcp(CTrN- Tin 
| а | / s 
(22) : WN з ф, Prn AN R TTN 


Thus the complete operating conditions have been determined for 





the driving nozzle. Тї was assumed that the air leaving the nozzle 
would undergo a full expansion without oblique shocks in order to con- 
tinue with the solution. If the nozzle total pressure is low enough, 
the back pressure at the exit plane will be high enough to produce 
shocks in the nozzle with attendant subsonic flow at the nozzle exit. 
An investigation conducted on the experimental data showed that the 
flow from the nozzle would be independent of the back pressure whenever 
the nozzle total pressure exceeds 22 psia. Therefore, this particular 
analysis is only valid for nozzle total pressures above 22 psia. 
Secondary air flow enters the flow measuring orifice with a total 
pressure, Pro» and a total temperature, Tro, equal to atmospheric con- 
ditions. Since the process is essentially adiabatic, Tyg will remain 


a constant. Then for the flow from the hood to the nozzle exit plane, 


2 дан 
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Because the weight rate of flow of secondary air is known for a given 
set of nozzle conditions, a ratio of Ртт/Рту can be assumed, along with 


a value of Pyy. For this assumed pressure ratio, 


па 
(24) TIT < TTD (Ег|" 
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Writing the momentum equation between stations 1 and 2, by assuming 
uniform velocity profiles, uniform static pressure distributions, and 


equal static pressures at the nozzle and secondary air discharges, 


ey Mu Val Wa Vin - Wr Vir - Azı (Pın-Paı)_ Ff 


The friction force Ff, was expressed as a pressure loss: 


(27) + | (£02 AP :Azi AP 
where, 
(28) AP fl ov 


L = length of duct 


Do = duct diameter 


V = average velocity 
2 - average density 
f = friction factor 


f is a function of Reynolds number and pipe roughness. With an 


5 and a surface 


approximate range of Reynolds numbers from 1.7-2.2 x 10 
roughness of .00015 for commercial steel pipe, a roughness to diameter 


ratio of .0024 was obtained. Entering a Moody diagram, a value of 0.017 
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for f was obtained. Then, a aP was calculated and subtracted from P 


IN 
to obtain P*. 


Rewriting equation (26), 


(29) (М мат Ми WN Мим ММТ : Aaı (P*-Paı) 


The total temperature after mixing was taken as a weighted average: 


(30) 


TT2 = WrTto +Wn TTN 
WN + WT 


With Wn:Wr-W and writing the continuity equation, 


GS VT WR N (тт ра ) 
А 21 Paı P21 A21 2 Зср 


Solving (31) for P21 and with (30), 


(32) Pai =: 


( Wz Tre + WN TTN m 
en я 
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Combining (30) and (32), 


Gwn + Wr Vai) -Wn Vin -WI Vır =Aaı P*- WR 
3 9 
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Multiplying (33) by V5, and expanding, 


(34) Vaı (ма: WT _WR 


‚е 
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(35) В, = W К — ) 
(36) B2 : '( 
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(37) B3 :WRTT2 


Solving the quadratic (3) for velocity, 


(38) Vai = 82 + ка - Вз 


This equation yields both a subsonic and a supersonic solution; 
however, only the subsonic solution was pursued since the supersonic 
solution did not provide sufficient pressure recovery under the opera- 


ting conditions investigated. With the known quantities, 


(39) лүе гут Var 
2а Әср 
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For the subsonic solution, the flow undergoes a compression pro- 
cess in the diffuser: 


ое < vere (Ga "| 


This equation was solved by iteration to find P3. If P3 does not match 
P AMB (atmospheric pressure) a new value for Pry was assumed and the 
process repeated until P3 matched РАМВ: 


Having obtained Pj, 
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Test Results 

The equations just described were used to predict exhauster per- 
formance utilizing a computer program. Since the primary purpose of 
the exhauster is to maintain a partial vacuum inside the hood, this was 
the major point of interest. A comparison of experimental and theoret- 
ical data is given in Figure ll. The discrepancy is due to the fact 
that the one-dimensional analysis ignores conditions from the inlet to 
the hood, assuming that the polytropic exponents are constant. This 
is not the case since secondary flow conditions are dependent on the. 
varying polytropic process from the inlet to the hood. Table III shows 
the variation in polytropic exponents. 

For the case where the secondary flow into the hood is a constant 
(i.e., turbine operation), the one-dimensional momentum analysis ap- 
pears to provide a good approximation (Figure 11). It is to be noted 
that the experimentation was conducted with a nozzle total temperature 
about 20°F above the secondary flow total temperature. Increasing the 
nozzle total temperature will result in a very slight decrease in ex- 
hauster pumping capability, and for the allowable range of turbine 
operating temperatures, exhauster flow is virtually independent of 
total temperature. 

5.  Exhauster Design Evaluation 
General 

The most recent workon the design of ejectors available was pub- 
lished by Engle in 1963. [6] He presents a set of equations to be used 
to optimize the design geometry based on a one-dimensional analysis of 
incompressible flow. The present exhauster system meets the criteria 


set forth by Engle for driving-nozzle placement and secondary flow 
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entry. For optimum operation, the two streams should be parallel upon 
mixing tube entry to minimize losses. Secondary flow static pressure 
profiles (Figure 14) show a continuous decrease in static pressure up 
to the nozzle exit plane except at very high nozzle pressure ratios. 
The increase in static pressure at station 28 at high nozzle pressure 
ratios is probably due to separation. 

At high secondary flow rates, the mixing tube static pressures 
show a fluctuation of 1.0 to 2.0 inches of mercury. However, the flow 
rate and hood total pressure remained steady in this regieme of opera- 
tion. Since the secondary flow is choked at these pressure ratios, it 
was thought that the secondary flow rate might not be sufficient to 
Stabilize the jet. This was not the case though for this system. The 
exhauster operation was very stable at high nozzle pressure ratios with 
no secondary flow. The instability only appears at high pressure ratios, 
without being felt inside the hood. The probable cause of the instabil- 
ity is the formation of a recirculation eddy due to separation effects 
along the mixing tube since the secondary flow is under an adverse 
pressure gradient. 

Engle [10] also presents a method for determining the required area 
of the mixing tube. This is based on continuity, and is, 

(45) А = М 
Маг Ме 
MIN 

Substituting experimentally determined values into this equation for a 
nozzle pressure ratio of 2.22, | 


(46) А: (8011 "491 :,6864+ 
тоо (41) (954) 
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where Q is an average density based on the average velocity computed at 
Station five. The actual area of the ae: б tube is .306 ft2. Since 
Engle states that in practice the mixing tube area should be some 30 to 
50 percent larger than the calculated value, the mixing tube area of 
this system is about 30% of the desired optimum. 

Optimum mixing occurs according tó'Engle when the ratio between 
the velocity in the core and in the annulus is between .7 and .8 and 
that the length required is a function of the nozzle to secondary flow 
area. [6] In general, the óptimum mixing length is between 7 and 10 
diameters of the mixing tube. Removal of one section of the mixing 
tube left the exhauster operation virtually unchanged except at the 
higher pressure ratios. The velocity profiles taken at the diffuser 
entrance (Figure 5) for the short mixing tube indicate that the ratio 
between the core and annulus velocity increases with increasing nozzle 
pressure ratio, and falls short of the .7 to .8 desired velocity ratio 
which accounts for the reduction in pumping capability at the higher 
pressure ratios. 

Optimum mixing tube length for this particular exhauster falls 
between the short and long tubes. However, as indicated from the ex- 
hauster performance, a wide variation in mixing tube length has little 
effect on сувій performance, since varying the length to diameter ratio 
from 5.46 to 10.9 had only a small effect on the operating characteris- 
tics. 

It was not possible to duplicate turbine operating conditions as 
far as secondary flow rates and nozzle total pressure are concerned. 
However, extrapolating from experimental data, it should be possible 


to maintain a pressure ratio of about 5 to 1 for the converging-diverging 
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stator and a pressure ratio of about 6.3 to 1 for the converging turbine 
rotor &ator for the transonic turbine.  Exhauster operating conditions 
can be determined from Figures 11, 12, and 13. 
Discussion 

The basic hypothesis set forth by Yakovlevskii appears to be valid 
since the ejection property of a given nozzle is a function of its im- 
pulse, and empirical relations found for incompressible flow can be 
used to find a first approximation for the case of compressible flow. 
If the secondary flow rate or pressure is known, a one-dimensional 
momentum analysis can be used to determine operating conditions pro- 
vided that the secondary flow is not choked. If the secondary flow 
is choked at the mixing chamber inlet, the method of Fabri can be used 
to predict operating characteristics. The method based on the hypothe- 
sis of Yakovlevskii has the advantage of producing a good approximation 
of the pumping characteristics with relative ease. However, the gen- 
erality of the relationship between the secondary flow and nozzle im- 
pulse function was not tested for other ejector configurations. 

Determination of the required length of mixing tube for a given 
ejector is still largely a matter of experience; however, it was shown 
that a wide variation in mixing length had very little effect on system 
operation. Mixing tube length to diameter ratios of from 7 to 10 
should produce optimum operation. Calculation of the required mixing 
tube diameter based on the equation given by Engle indicates that the 
mixing tube diameter falls short of the desired optimum. 

Although unstable conditions did appear in the mixing tube at high 
flow rates, the instability was not reflected in the hood total pres- 


sure. This fact coupled with the extrapolated performance figures 
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indicates that the exhauster will provide turbine operating pressure 


ratios in the design range. 


с 


POTEST 


Tests of a Reaction Turbine 
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1. Introduction 

The second portion of Pie е describes a turbine test program 
carried out with the exhauster system to investigate the effects of 
high values of the isentropic head coefficient on turbine performance. 
The turbine tests were used also to correlate turbine performance with 
Reynolds number. 

2. Turbine Installation 

The turbine installation is identical to that described by Eckert 
except as noted here. (5] The turbine is an ARES MOD II instead of the 
Transonic Turbine. A cross section of the turbine is shown in Figure 
15. Figures 16 to 18 show details of the rotor and stator construction. 
The instrumentation was modified by placing additional pressure taps 
in the shroud as shown in Figure 15.. It is to be noted that the pres- 
sure tap locations have been projected into the one dimentional view 
while in actuality they are spaced around the periphery of the shroud. 
For this particular test program, the axial clearance was set at 0.41 
inches while the radial clearance was set at 0.033 inches. 

The cover plate flexure instrumentation mentioned by Eckert was 
installed to permit measurement of the torque and the axial force on 
the cover plate. [5] - 

3. Turbine Test Program 
Flow Nozzle Calibration 

The turbine flow nozzle installation and calibration techniques 
used are covered by Eckert. [4] Early calibration runs conducted by 
Eckert and Mr. L. T. Clark indicated that at low flow rates, the nozzle 
coefficient seemed to be a function of supply total pressure. Since 


this violates the principle of similarity, additional calibration runs 


were made at supply total pressures of 20, 22, and 24 psia. Data was 
reduced using computer program FLOCAL with the exception that the ex- 
pansion factor Y, for the nozzle was changed to that given by the ASME 
Power Test Codes. [5] Figure 19 shows the nozzle coefficient as a func- 
tion of Reynolds number. The nozzle coefficient was based on vena 
contracta tap data since these have a lower tolerance. Examination of 
earlier calibration runs reveals a fairly large scatter (as much as ten 
percent) between vena contracta and flange tap data at low flow rates. 
For the calibration run shown in Figure 19, the difference between vena 
contracta and flange tap calculated flow rates is less than one per- 
cent. Therefore, a nozzle coefficient based on Figure 19 was used. An 
analytical expression for the flow nozzle coefficient as a function of 
Reynolds number was found by using the method of least squares to ob- 
tain a polynomial approximation. This was accomplished by a computer 
program yielding an eighthorder polynomial for the best fit. The poly- 


nomial is, 


С - 269.4208 4+ 65.42325x - 25.4166х2 + 5. 38697х3 
(47) 
20.67816х4 - 0.051422х? - 0.0022472xÓ « 0.000049356x" 


20. 000000 35959х3 


where x - Reynolds number multiplied by 10-2. The maximum deviation 
in the flow range of interest (1.6 to 4.5 lbm/sec) occurs at a Reynolds 
number of 6 x 10? and is .003. The polynomial is only valid for Rey- 
nolds numbers in the range of 4 to 12 times 10% 
Turbine Flow Rate Determination 
The turbine flow rate is equal to the total rate measured by the 


nozzle less the plenum labyrinth leak rates. Total nozzle flow was 


determined by means of the ASME standard equations using an initial 
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по221е ёге тей OF TOS [15] Vena contracta tap data was used 
throughout, with differential pressure measured on a 96 inch water 
manometer, and flow nozzle static pressure measured on a 96 inch mer- 
cury manometer. Then, after calculating the Reynolds number, the flow 
nozzle coefficient was corrected by application of the eighth order 
polynomial described above and a new flow rate determined. 

Calculation of the plenum labyrinth leakage flow rates utilized 
the expressions given by Eckert which were determined from experimental 
data. [4] | 

Turbine Tests 

The turbine was rotated on 14 November 1966 with the bottom portion 
of the hood installed to check the instrumentation. The shaft seal 
labyrinth was bored out to 1.258 гасне diameter to accommodate a:new' 
quill shaft without recutting the chambers for a seal tooth clearance 
of 0.040 inches. The turbine was run up to about 13,000 RPM. Upon 
shutting down, it was noticed that, the quill shaft had rubbed on Це 
labyrinth, scoring the shaft. The shaft was buffed and ЕТЕТ 
with the labyrinth realigned. When the turbine was rotated again on 
16 ИЕ АЕ rubbing occurred at about 7,000 RPM. The shaft was 
measured and found to.be 0.005 inches out of round. It was then turned 
down 0.005 inches and the labyrinth enlarged so that after alignment 
the. clearance was 0.030 inches radially at the dynamometer end and 0.015 
inches radially at the hood end. This prevented further rubbing when 
the turbine was rotated on 18 -November 1966 with the full hood and ex- 
hauster installed. The present labyrinth is only a temporary device 
and will be replaced. Since the only result of the increased leakage 


into the hood is the degradation of the system's capability to maintain 


36 


a partial vacuum inside the hood, the existing labyrinth is suitable 
for continued testing until a replacement is obtained. The purpose of 
the first run was to investigate the performance limits of the system. 
With the ARES MOD II turbine installed, a pressure ratio of 1.79 was 
attained. Since the turbine efficiency is much greater than that of 
the exhauster, a reduction in turbine flow rate with the corresponding 
increase in exhauster flow rate resulted in a decrease in pressure ratio. 
The exhauster is capable of maintaining a partial vacuum of one-half an 
atmosphere in the hood with a turbine flow rate of 3.88 lbm/sec. Since 
this particular turbine has been the subject of an extensive test pro- 
gram without the hood installed reaching a maximum pressure ratio of 
1.55, it was decided to run at pressure ratios of 1-3, 1.4, 1.5, 1.55, 
and 1.65 with values of the isentropic head coefficient varying between 
the design value of 2.609and 4.5. 

Turbine testing was started on 22 November 1966. During the run, 
the RPM readout was checked by means of a strobotac and it was found 
that the RPM read out was faulty. The system was checked thoroughly, 
and the difficulty finally corrected by replacing the leads between the 
counter and the flux cutter at the turbine. The final test was con- 
ducted on 23 November 1966, when testing was halted due to time con- 
siderations. Under the present test rig set-up, the flux cutter and 
pickup is located inside the hood. It is felt that it would be advan- 
tageous to move the unit outside the hood where it would be readily 
accessible for adjustment. 

Data Reduction and Results 
The turbine flow rate was determined as described in the previous 


section. Total inlet temperature was determined from a probe installed 
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іп the 6 inch pipe of the stator assembly. Inlet total pressure was 
taken from the average of the six Kiel probes (Figure 15) placed 
radially at the stator inlet. The hood pressure taken from the average 
of the eight hood static pressure taps was used for the turbine discharge 
Static pressure. The turbine Speed and dynamometer moment complete the 
quantities required to determine turbine performance. Data was reduced 
using the method of Vavra by a computer program. The method of analy- 
Sis is being published in a Thesis by Lt. M. W. Wallace, U.S. Naval 
Postgraduate School, Monterey, California. [13] 

` The following referred values were obtained from the performance 
analysis ; 


for 7 -ср/су = 1.4: 


(49) © Tro /518.4 
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о, 
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(50) 
(51) Mref =Mß = referred moment (Ft-1b) 


$ 
(52) Му =Nr= referred turbine speed (RPM) 


referred flow rate (1bm/sec) 


< 
(53) Wref =W 


1 





á 2 
(54) руе =HP = referred horsepower (HP) 
Ve 6 
(55) Mis =Ahis = head coefficient 
1.2 /2. 


The turbine efficiency is a total to static efficiency, defined by 


y 
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where НР ph is the theoretical horsepower based on an isentropic expan- 
Sion from the inlet total temperature to the static pressure in the 


hood, or, 





(57) H Pen (мує) | (е) | 70.3987 


where 


P2 - discharge pressure (1b/ft2) 


Pro = inlet total pressure (1b/ft?) 

Determination of turbine Reynolds numbers is rather arbitrary as 
to choice of characteristic lengths and velocities. After a perusal 
of the literature on the subject of Reynolds number effects in turbo- 
machines, two sets of quantities were chosen, one based on rotor tip 


speed, and one based on the flow rate and mean radius. They are de- 


fined as, 


(58) RE:W. 
«АА Y và 
and 
(59) КТ 2r REMER 
720 (А 
where 
W = weight rate of flow (slugs/sec) 


МА з viscosity at turbine inlet ed conditions (1b.sec/£t^) 
@ = density at inlet total conditions (slugs/ft 3) 

R = rotor radius (inches) 

Ym = mean rotor radius (ft) 

The referred values of horsepower, moment, and flow rates are shown 
in Figures 20 through 22. Turbine efficiency plotted as a function of 
the isentropic head coefficient is shown in Figures 23 and 24. Although 
great care was used in attempting to keep the pressure ratio at the set 

І 


value, the wide number of system variables caused minor deviations from 


the ratio. Table IV gives the actual pressure ratio at each data point 
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and the maximum deviation. 
4. Discussion of Results 
General 

Тһе exhauster System functioned well, maintaining a hood pressure 
of about one half of the atmospheric pressure. At a pressure ratio of 
1.65 with a turbine flow rate of 3.88 lbm/sec a bothersome low fre- 
quency instability was noted in the hood pressure which was reflected 
in turbine operation. This fluctuation resulted in a low frequency 
flow rate fluctuation of as much as two inches of water in differential 
pressure across the flow nozzle and an RPM variation on the order of 
150. All of the turbine pressure readings were made on one manometer 
bank by using a Polaroid camera to photograph the board, and since the 
flow rate differential pressure, turbine RPM and dynamometer reading 
were taken as quickly as possible, the fluctuation did not seem to in- 
duce undue scatter in the data. 

The torque capsules are calibrated prior to each run by applying 
known weights to a lever arm. For dynamometer calibration, the torque 
capsule must be removed from the unit and placed in a special stand. 
The present calibration technique involves. jiggling or tapping the cap- 
sule as the weights are varied through several cycles until the read- 
out produces consistent values. For the last run, the stator axial 
force capsule could not be calibrated at all, but since data reduction 
by the method used does not require this value, no attempt was made to 
correct this difficulty. It is felt that the present method of cali- 
brating the torque capsules mechanically is unsatisfactory both from 
the standpoint of accuracy and time. Calibration of the torque cap- 


sules required as much as three hours, severely limiting the amount of 


4.0 


experimentation that could be accomplished during the normal working day. 
Provided that the capsules are not disturbed, electrical calibration 
would be both rapid and accurate. The present axial force measurements 
when used in a momentum analysis do not produce results consistent with 
those obtained from continuity, and the difficulty almost certainly lies 
with the axial force measurements. 

The turbine is designed for an isentropic head coefficient of 2.609 
at a pressure ratio of 1.5. Neither increasing the pressure ratio nor 
increasing the isentropic head coefficient did result in an increase in 
efficiency (Figures 23 and 24). At pressure ratios of 1.3 and 1.65 a 
dip in efficiency was noted with increasing head coefficients that is 
not present at the other pressure ratios. The reason for this dip is 
unknown, and it does not match the theoretical data given by Vavra.l11] 
It is to be noted that this particular turbine is capable of operating 
under off-design conditions with very little reduction in efficiency. 

Although a great deal of research has been devoted to investigating 
Reynolds number effects in turbomachines, the results are still incon- 
clusive. Figure 25 shows the Reynolds number based on flow rate plotted 
versus turbine efficiency for three runs. Run 50 was conducted by the 
author using the full hood and exhauster installation. Runs 40 and 45 
were conducted by Professor M.H. Vavra with the turbine discharging to 
the atmosphere at pressure ratios of 1.3, 1.5, and 1.5. Run 45 used 
the same axial clearance of 0.41 inches and tip clearance of 0.033 
inches that were used on Run 50, whereas for Run 40, at an axial clear- 
ance of 0.410 inches the tip clearance was set to 0.015 inches. For the 
plotting of the data, the efficiency at each pressure ratio was averaged 


and plotted as a single point Since the Reynolds number variation at a 
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given pressure ratio is insignificant. Reynolds number based on rotor 
tip speed is shown plotted versus turbine efficiency in Figure 26. 

NASA investigators on a number of turbines using the flow rate 
definition of Reynolds number found that turbines operating with Rey- 
nolds numbers above 2 x 10? showed no variation in loss Parameters with 
Reynolds numbers. [8] They also found that different turbines operating 
in the same range of Reynolds numbers had different loss parameters. 
This seems to point out that either the losses in turbines operated above 
a Reynolds number of 2 x 10? are not a function of Reynolds number or 
that the machine characteristics used to determine the Reynolds number 
are not correct. 

Examination of Figure 26 which uses the Reynolds number based on 
rotor tip speed fails to show any trend, and again it appears that the 
efficiency is not a function of the Reynolds number within the range of 
investigation. 

Losses in turbomachines are due to viscous effects and since Rey- 
nolds number is a measure of these effects, it would seem only natural 
that some correlation should exist between Reynolds number and turbine 
efficiency. The primary difficulty lies in the elusiveness of the 
actual loss mechanisms associated with the flow in turbomachinery, and 
therefore, the inability of the investigator to be capable of relating 
the loss parameter to Reynolds number. A more detailed study would in- 
volve various definitions of characteristics lengths and velocities over 
a wide range of Reynolds numbers. This is a difficult task experimentally 
when dealing with a compressible fluid due to the wide range of tempera- 
tures and pressures required to obtain a significant variation in prese 


nolds number. 
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5. Conclusions and Recommendations 

The ARES MOD II turbine appears to reach its maximum efficiency at 
the design pressure ratio and the design value of the isentropic head 
coefficient. However, it is capable of operation over a wide range of 
pressure ratiós and isentropic head coefficients with only a slight re- 
duction in efficiency. For the operating ranges tested, turbine per- 
formance does not seem to be related to Reynolds number. 

The weakest point of the present turbine test rig is the torque 
capsule calibration. А suitable means of electrical calibration should 
provide both speed and accuracy in calibration. The axial force 
measurements, both on the stator and coverplate, seem to be in error, 
due to some unknown cause. Therefore, it is recommended that the pre- 
sent instrumentation be improved, possibly by installing some type of 


hydraulic measuring device. 
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Table I 


О asa function of Ртпоггіе/ Рамв 
Go 


= Prnozzıe/ Pam 
1.481 1.75* 
1.482 1.887 
1.482 DEOS 
1.478 2.16 
1.468 2.367 
1.482 1.78% 
1.480 pO 
1.480 22 
1.470 985005 
1.551 au аў 
1.468 Пот 
1.482 Jen b 

* Long Mixing Tube 

++ Short Mixing Tube 

+++ Subsonic Nozzle Operating Region 
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Table II 


Centerline Velocities, ft/sec, Pan/Pama = 2.22 


St at ion Theoretical Experimental 
1 1400 1100+ 
2 EE 1270 1260 
3 920 960 
4 7 35 760 
6 570 650° 


+ Station 1 is the station where the centerline total pressure 
is much lower than the off-center total pressure, and the experi- 
mental value is in question. 

++ Station 6 is located sufficiently far downstream of the 
point where the mixing process is complete and the flow is that of 
turbulent flow in a pipe and is not expected to conform to the 


power law assumed for the centerline velocity. 


47 


Table III 
Ф апа Ọeritica] 28 а Function of Secondary Mass Flow Rate 


Process from Secondary Flow Inlet to Annulus 


Ф Фсгіғгіса1 nz n 
. 2614 .2667 3.43 1.056 
2799 .2759 3.62 1.060 
‚2876 ‚2891 3.785 1.066 
‚2986 ‚3119 3.93 140770 
. 3046 . 3348 4.00 1.089 

Process from Hood to Annulus 
м 

ф critical W(1bm/sec) 
. 3509 ‚5950 3.43 1.295 
. 3952 . 5874 3.62 1.287 
.4475 .6015 3.78 1. 302 
.5150 . 60 34 3.93 1. 304 
‚5616 ‚6125 4.00 1. 3140 


48 


31۷2S OL LON 


el НИНГ. 


заочна 211715 





= 
Ша 





>? 
E 





SdVL 211.25 с 


| 
ац ні 


сзвона 9NISH3JAVH.L 
с 913 


51 


= 
. 





. z m- 
-ees pre 
——— е 34 - 
EE. ce ш 
-- ` 
Күлү SPI ЕЕ = ПЕД = 
тр + 
EIE Et: я 
` 
+ — 


га. NS + 
и ы 2471 " | 
^M 2 + + 
— — — 
La. 2. 
s 
і жи ЖЕТ. 
ii i в EH 
зразы lil чү 
Шар 9® | 


вссес сто нс, > 
ввеша 00030 1 


on 


tg 
HIN 
Gu 
LE A а 
ЕЕ 
IBE BE 


ШИН 


DUI 
4 
w. 


6-04-64 
ГІ 


H 


На ы Бр 
Til т. "ш | а 



























ЕВА С 1! ІННА ELT LTTE TET TELL НЕННЕ 
El O ш 
AEE pu E E EEE eer eee eee НЕ 
ү š Ыр ВЕ FE ESE EET LEL E HH. 
Бе; НАН НЕ LEBEN EES СШ ЫЗ НЕЕ ЕРЕН ЕН 
| x at ape hare liii tts et HEE Га ЫШ а” um 1 i НҢ 
ААН НН gue | H +4 et ве АНА + HHHH HHHH H bp tity ++ Ht tt} F! | 
ш И 
2 ІНЕН Ера а bt "ТИНИН ee 22142352222: FO Eee Rettet 
Eun ШНЕНЕН de БА ЕВ EEE pop ub po nnb | TELE 
Е НЫ ЕНЕ НЫНЫҢ ЕНІНЕН ЕНЕ ЕНЕНЕНЕШІІШІНЕН 
СӘТТІ РЕВЕ ТІ ПЕНЕН ВЯ ава TE ITT E 
Т. "Uu s DD ов EP LU 
Бс ЫП THHHHHE ЕНЕ EEE pus EIHHHEGHÉ Ian À 
Ede ЕНІН HE EHEHEH us e e pui ШЫП ВЕЕ НЕ in 
i H | diii d ч EPIO DEN H 
D DEN REEL АННЕ S Eb НН НАШ HT 
CT IE En. + PEE eet НАН — ЕЕН 
bud ub | WE pede TU ШИШ ES 
ЕЕ Séana HEHHE: ІНІ HH [i В HERH Hr 2r 
i ЕНН EHRE SE НЕНІҢ 
| НЕН 
ja} 





aram 
Ig 
У | 

ЫА ТГ] 
БЕ 


es ae 


























ВАННА 14 Н НА RAT НАННЕ (facet ice 
(| ER aee ШЕННЕН НАНЫ aio 
ТЕЛДЕ НЕН ӨНЕТІН ИН НЕРІН ЫТ: 
ЕЛІНЕН ЕНЕ ИН ЕЕ ЕЕН. МЕГЕ: ЕЕЕ 
d ps ИЧ EH НЕ HEINE Cee hatt 
үче al LER [ Г вве ат ш шша ва аш Зсі ыы ее ү V | 
ET ана me ur E pu 
d. ae ҮР НЕ ТЕЕ ЕЕН ИНИН HH 
ү Tu 5 а 7 T n BEI ME GB sms тата Е | з аре 
12 eh ШЕ BE 
TH F See НЕ LI. s LINDE 
НЕЕ ШЕЕ pu HL ME | EHE ІНЕН i 
E UE EET dope pu Е {Ee h EE SESI EHIH | 
1 Mida bu THT ЕН ЕЕН Tr. ЕНІН: +H cH віч Hd dt 
Hk E HE Ня PEE EEL Ee EEE НЕР м. Ера H 
HEH ELLE + -- - ГҮ, [ i LHL ЕНЕ | | 4 ў 
ЕНШЕ ЕСЕ H НЕНІ: [ET E UNES ULT "HH 
ча І +4 - Г 44 - Б ові ~ H-- 

d EE VET ШЕШЕНІ БЕЕН. 3 ЕН 
feel ES I s HH H IË j HH ІНЕН dz Hu HHE c TES RE 
qu. аз | ELI 228 HA E: В в і HOP 

E - 4 ARE - Ji ui SEINS p EE + WT EE - 
ЖЕНГЕ HRE FH НЕН І НЕ Pu d | І 





SE ا‎ 
2: 
pc e НЕЕ ЕН О D d E 
EH DE osa: pup n ug Ў 
ШШШ 
H 





ЕЕН 


ГІ - 


НЕ 





ЕНІН вер EE E ІШЕ Cum АРА HE E 


—_ 





АНА 

uu pub ЕЕЕ ЕНІН ЕНЕНЕ ҮНҮНҮН Е 
ut 2... jur 
ро това срив 
Е 4: 
H E E D Eb Lis 
а: = EEE qup p 1. ШЕ 
ipu Pup Hunni Баі а таты N ng 
ITT E E E 





54 


Pees oa WL ASI XY 


Ш 


55 






































| 
Vue 
T9 
а ie 
1-2 
ве as HH НЕЕ 1 EHER THE Aa 
a 
ти 
ao 
Б os ЕН | НІНЕ 2. те 
Е A. 
Et ЕЕ а ТИ ҮШ Wem ЕЕ HHI Бе т 
EE ER cl. 
а uH pH | | E ic VE HP "m N H FF Ef 
33 H zn Hu ЕНІ ШШЕН ui се т ЕНІН ИЩ 
eee esee НЕН Е 5 бе de ЕНЕ - ДЕЗІ ii ТТ 
| d > 11 a Be T TT iid] 
ВЕ T ШЕЕ В Е таз ТН š TE as — dE ері EHER a 4 | каа | 
На HE ma E +H ee ~ ПЕ НЕ 
sz Е і ШЕ "а 2 . ue E s HHHH Н 
сЕ iH FH не | ul 1 НІН (ЕТ 
г. 11 
TE 
ЕН ` р 
ЕЕ НЫЕ i EHE ei E ШШ [ 
EE В о НЕ Í 
m 
us 0 
Е 3. 
EU p FHH enm Eu ННІ TU 
ee iem -~ 
чно Hi БЕН E Hi H | | 
села а | + | HEHH EH НІН H ш HEH HHHH 
2. 
Ва [ЕН 
ЕТ 05 S 
ЕТІ НЕЕ RB t d Fe т үп 
HHEH ЕЕЕ sss: HE E i d En E — H 
ud 3 
du | ЫНЫ F — bs iE id 
N 
i ЕЕ 
ce 5. ІШЕГІ 
zt e or ШШ 
zu TE LELE d 8: и gl | RE UE 
p UE | Ва a а 
- -+h Н -- Б Uu : qu НЕЕ 
1. uu 
Itt. HI 
- e - | um am | 
ERE : LEE Е Е 82204 dE d 
ШЕЕ (а. ШИН dut ТІ 
nn ux ў 
| T 
5 | HHE 
СЕВР p i 
x т 
2. a 
р sb 
p 
HEH 
a ЕЕ 


56 


@& ыш @ GO CD EJ 
Е Ще заа F T 
е 
+ +4 
è y E — + 
+ + + — 
+ --% + 
+ 4 ^ 





44-4 |, 
tH --+ + 
МЕГІШЕРЕ | 





teye’ ы 
. 
+ - - - - 
ха а = 
B - 
со 





















ЕЕ = 
Hekto | Е БЕ 
о m ШЕН УЕ E m iB НН 
ЯШЕН ЕЕЕ КЕ ЕЕН а НЕ d Enn FE Er 
e e e E ЕНЕ 
ЕЕЕ ИЕН ЕЕ ИЕЛЕР ЕНЕГЕ ЕЕЕ ІН ЕЕ ЕЕ ДЕ БЕН НЕЕ НЕЕ 
Ht EH Hf He HEHE L LH % 
ТЕГІ, 111111) ee ЕС. ў Цер. 5 Е Дела садо БО 1 d gr] эз 1 1 3751-1 821 1 1-1 шне е ы [е ш ш еее ы BER FU ER BU [LI її ТІ ТРЕТІ (11 ВВІВ PEN ене El E; pq cu 620 m Ima | £ Mid | rei ty | I1 11-75) ГОТ ру а) | " ў 
КЕНЕ БЕШЕНЕНЕ ЕЕЕ КЕШЕНЕ ЕЕЕ ЕЕ ЕЕЕ ЕЕЕ О ЕЕ ПВА ВЕНЕ 
ЕНЕ ЕЕ ЕЕЕ ЕЕЕ ТЕН Eee o НЕ З je: ЕНЕ 
ЕНЕН НАНАЧ НЕЬ Наннан саас i УЕ 22221221 
ا‎ ee PHEA E HEE E EH ATT H E EE k EEH Ho 
МАН + ранна He ААА ЦА БНА PH a ë юю lE - 
passo eaa PERE НА р Р IS ITIS Br ЦЕПЕНІНІҢ HHHH “засы quee АН ВЕРЕН 
НЕН ЕН НЕЕ ЕНЕ НАН НІНЕН НЕН ИЕНЕН ЕЕЕ ЕН Е 


А 
ІІ 
i 
|| 
ik 





































, er 
əл, ----- ЕНЕЕ: 
SEER SESS ee Ha Peter E R e ee ЕЕЕ Du WEEDS DEL Do Ds 
Hep pu Нн Нн НЕ НЕН ШЕННЕН ЕН НЕНЕН 
а На НЕ ЕНЕ 
CHH ЕЕЕ НЕЕ Н ЕН 
ЕНЕНЕ EEEE E A E EEE E EE E E EEE EE EEE E e EEE HEEE EI HB 
HuEpuEBDERROR EE UA (Uf e БЕ НЫШ ШЫ ШОШ ШЕШИНИП ИЕ ЧН ШИН ДЕННЕ el а 
г ддш 
aa ee eee K Pret tata) ase Bal Hep т г - ВЕЗНА 
uc: S p و‎ riders] Den ES 
. ERI Еа Е ЕЕ Е ІН 
к л | Bari ee ete ЕЕ НЕНЕН ЕЕ HHEH 
Е | SEES 2 СР et а Ца. ВЫ, Шерін 
21-2: ЕЗІНЕ вер m ud 
ES. Ў А tite SH ri АРЫІ ВЕР РЕНЕ ПЕШКЕ На ЕЕ 
THESE EB ЕН ЕЕЕ НЕСЕ НЕЕ mp Най SL eS paps. 
Pi snes ЕНЕ ERE Ре Sh, HER Sn SSE 
о у оз ж 
ЕНЕНЕ НН rete RO PERE E ЕНГЕН ee CE ЧЕТТЕТЕТ ЕНЕНЕ 
ЗЕ El EE ЕЕ т ВА 
_ En ree dere ШЕЕ HIS: 


ЕЕ 


4..0. 6 
й 
++ ++ 
+ 
PEE 
a 


пы EH ТС 
^ EU 
ЕЕ 
На n + 

„да | > 





57 














te 
— 






































LEL E ETE Н 03529 АЕ та а тт 5 
OER EEE as тшш гаг Уч а е ЕЕЕ ТЕПЕ; ТІЗЕ - 
Bo а EE отрова TE IIT 
рало тане Ла ЕТ Васа mers | EFESER' ЕЧ а ў 
реле раю романа рвана TL IESE) ы и. |, сашес BOSBE ORC TIe и 
Tm =m ша а ы ыи Жүн HH [а у ук үш ж) | -- š ET 
gassdgaggggdgegagia mass аю Бошава “a шебі. + а š ва 
ЕНГЕННЕН ЕНЕ Hi Я | | H 
ш аза casag LLL а ЕЕЕ НЯ EG ісе M 6 | ш P a 
еее ав a 08833 ў | DERRE. - € 
R ep ЧИГҮ = emu apu H 
eue РЕГ * ETHIC Poe ИИИ EET үе [sc р ан [эа "FEEDS LI T 
LSE EEE 1] аў ана а, ae) вваве i : (І. 3111 в 
електір еее жегендер К ИГТ шуш тт пра аа ае masc mama Lil 
QE ана ря аі аэ т 111;:1,1 | М ЕТ, | ЕЕЗ a к. aa LEBEL Bot gm | ЕВ 
ү | k АНЕ hH та EHI Er Ера a 
š съ - L ! j ә 
[ыы ыа иш [пеў наў {сие Г pu quien ак а нана аа СГ Г ee zus Ә | ва ser ЕГ = 
еа ышанса er за сере а е есігі | ee Л ЛА Е 2111111. шо i-H- см а п 
I. | таа авама ај дс ы Pr ү р ДЫ ж + аач сосеювассвево 
pp EL TTE ТИ Е А ГАЕТ 
васо0 а ине ы да газа? + Е вона 
[эжеш иы аи К камышлы. ш ар т] 
Пера ea a a T Sam) ШЕП z 





т 
lii: 
| 


та 

uS Cho НЕ ҮЗІП 
ЕНЕ НЕ 
= rr ЕНЕН 

Da | 

СОК 

ен 

Сү 









+. 
IÍ 
HT 
Ка 


ІНШІ 
| | 
TIE 
++ 
i 


4 
| 





| 
| 
| 
| 


| 
| 
| 


| 
| 
| 


Н 
A 

е 

ИП 
ШЇ 


- 


4 

oF 

1 
ва 


! 


58 








“ * 
-— - z > 
жәй <- —- - ( ua - ems : = 
—À — - — Be- ; Ë го В А = . zr - - + t- + vo t- = — “ 
Що фаянс. unt, е-е е : dem سه‎ Tc з ro + -4 + оф , - Ihr + . 4 3 +1, ' re {- 
тш заа” p г е Ec ls m 6 чий А > Be en ur E Eo ۴ i + 
' , H | { 
h : ў 
D ! - 
+ ЕЖІНЕ SS. - -- к. -+ e 5 4 - + М HE. — + 4 4 э =. 4 k=, i нат ty 2 зр € 
EL HE ва кт не ee ные. ІШ tt Ер | Meere 
Li] > ЕЕЕ Ыбыке жє — - - -[- = he 4 *1 > m E РЧ I — | ET da c- REET 
всю еко | Е. ; a : 2 
ШЕГІ, а е - re - . = = кү - ь Ж - + - ‚ще 
EEE a Е 4 | +4-4 ا‎ ^ = - іі -4- 4 + Е 4 r а. + +- + Hd 9 
--< 1 | + он emr 4---.- ка i =} . 2 й --+ + - t- - 1 008 + lš 
] ' | 1 ` t 
| я : | в ++ ; Ё, 
1 1 : 43 





г 





Hf 
op 


1 

i 
| 

BH 


НІНЕ 
Ин 
| 


ii 
| 
HH 





к Н 








mim | Р 
Гава: сос ола МО, Б, а вас Ет 
[з ыша Ыы {ЛҮ imis i sie | 
лашы ав ш. | Ше елінін ел Ж Же] 


Ер ЕЕЕ ака 
РАНА РАН АН НА АНЯ НАЕ 


й 








ШЕШІ праана 





а 
| зе 


ІШ 
ІШІ 





FEM -—---H 
e| 
^H Dm ed 

тар ас 


БЕНЕН 
Зарана 








. . \ 
—— = , — 






















ВЕ В s E KOS) 
Il IL үр NL 
uu N ЎЎ 
N NER НЧ 


— € 
е ® 


ese Le 
ЕЕ 
РНЕ 
Sanaa 
Beas 
4 а gm 
: Mmmm] 
s= E 
жеме — - br مھ‎ 
---+ an E وھ نچ‎ 
ee ee — —— 1. 
————— —— — -- ——— 
ж --- - : : 
E E - c _ - здо 
- - > 
.. 


— а + 
—— 
+ — 
— -#- 
— — ф 
аа. я 


ТШЕ О ЎЎ 
ТОЕ 
UE ee 
ВН EEE BA 
TT Hu m | 
E "EISE "n du a | 
ИШ LN 
gum SE m II 
ны T 
ЕШ J НЫ ШШШ = 
A ГЕ ШШШ 
КВ 
if Al L s s ii: 
CIT NU Са Ў Ў ETT 
ДО ЕТ TIS 
pee س‎ "ul TR 
de RES ШЕШ 
ШІ ЇШЇП 


ч Е: 
ү 


—- 









in 
я 
{ 





- -— 









- - 
тих 


+ +. 


Бата а 






















TEE 218828 
DO дадае 1 
a saa 
+ 


E + 
анё (8 - 


55 





ІНІҢ 









| ШШЕН ЕКЕ А | | 
w: 11. ІШІНЕ 
L ay ae 20-37988 uid 
une . i-+ í = + 4 . кір; 5 4 ++ ие 
“ я yd . + Э. г] É Hr $ . : і ae і 
бро [UNE e H | 
TR we а c YH mies 5 
| rt HHY ЧИР Hi 
Фа Щи c -1. ` 4 Г] 
=>] — есы + E. е 2 ў 
FF I ГТ 
+ + і +. . Í HT 
= 1 й ЕУ t р irt 
rone ni 
| d 
HEB 
pl _| Ann š H 
d g ТЕ а 








- 
ЕЕ | 
es "X )JLOIDnOBBEEIS ES ss 1] 
“= 1 AEE 
(D „Жш, TEE | На ern 
ты 

. = yee fcr ишш ж үшөп Е = t T 
a TH Дт E a T t 
12 |96 Н 2 ща зе H 1 ER 


НИНИН 3CIC p: 


os came 


v 








TL, . 
ж. ye E ij > ІН: Яышы 
deb zd MN 
sr НЯ III | 

EE pu HH 
ТТТ 
Wr р ТТ НШІ 
ИШ о Кш 
ІШІНЕ ШІ 


1 Що Hi | и УНН gu 
ШЕВ НН 
H 2 al 
' ' Hi + } 
' + © 
Герар T] 


+ Te 
Is te ŇŮ 


пр, —— M 
LE: E : 


—— 


4m 
—X 





4 
+— 
— + 





ти 
E 
rt Kir E. 
шеше е т Ы 
Б] : 
Hr 
memar sag 


Ban: Deut — 


== ЕЕЕ AE - ТІНІН 
ЕН duin 


Е 


n 


ЕЕЕ pe uus 


— 


ШП 


_ 
En 


ү 


= ы ЕТ = ЕЕЕ io. 229 
А С) um at А Me | E 
ре ран HE | 





— “т 
анн 11 BF t 


E Ur 
ELI BEL ва 
Е ЕЕЕ 
Ени tee 
ru НІНЕН ET | 
4 ! $ EIE ' 4-7 
= D ў -ef nt Р 
ЧЕН ща IE 
H ESER E Pis 
E: =н мак = 
L sam. ALES — 


парас 


SEE een 
04 CL fare ve +- A NY НАХ <ü 
ET ee а HE 
Г | Я} Tt 4 zgzasc® Lt на 614 асе ж | 
ЕЕЕ ЕЗ ЕНІНЕН НН: nus pl 


Ба ыш шш o 


чо 1 ; - 4. у 
—-> = e - + ча 
cree v— сз 

- 0—4 


$ ees E | 


































НЕННЕ НАН p НШ ШШШ due I Lb HIH Hate patie 
(ШИ ; — Pre 1. ІНІ "m " "I 
a ЦИН ur nupt epe ua D: . | 
HUBER SESSEL ЕЕЕ 10 ЕНЕ ЕДІН 
ong НЕЕ 11. ШЕШЕДІ а ва РАНЦЫ 
а Аа ВЕН ВН РЕВЕ АНІ ВЕНА 
г: p шшш ш: ШШ ШШ 
| . шш 
Е mo TT ШІНШІ 

а + 

ы п 

Іш пасище | ue | 

СІНЕ 





---+# - 


p 3 H - 
Hu | HH iii 
HH 51314 ee p Bil Е 
des Е nu 
НЕ HE 
Шери T em T 
і Nu H HAH- 
| Е HTH ТА 


Re mE 


"FEE 
29 geo HHHH 


12. 
a 


Be iu 2r FEE segue 
ETE 11. 
- ЕТ Ec 


+ 
М аа 
mi I} | ДЕДІ 
ИШҮНЕ ИН 
FH Lr 5 4-7 ++ HI U 
HE г ПЕНИН 
Till ib + {4-3 іші и 
oe n 
--%% 
ti 4 
LL EIS HTH 





=: 
















dm 


EE 


m 
sft te 
+++ 
ساج‎ 








= 



























-! 


4 
4. 
% 












р چو‎ 
a 















ода om 

| SUD 
e F + 
BE RAB IEEE i x” 
[IIT] : 1 
TUE L l 
REED E | 












= 
++ Г 
Пера tt 
ГІТ ЕЕ 
ЕЕ 
—M 
12 
e 
2 












HH n 112 | 
His Hed RE. iul 
а — س‎ ЕНІН: Ж AL at. 
а eiu am a am BOR [ | зара ре ags Gea 
E ҮН hide P HES: р 2! 
Hn АСЯ НЕ HI jum 
| EH LE ННЦ 
2. 
РЕНЕ ЕНІНЕН ЕГІННІҢ 
HEEE LEER FEE HEHHEE 
E a FELIS ga m 


НЕЕ т ВЕ eH 
H б E ҮНІҢ E T 


i IER 
і Ще ш; m CDS | 
ШЕЕ TT ШІ 


HE del tul tis 
iL HE да БЕ Bi | 











эф + e е ре 1 Елеш % - tn 3 + 
е 1 ; 4 В: па per. СІ ТІГІНЕ 
үгү: ! ur lan ы ЫЫ Г ГЕ 
1 
i Arum +! ME ML. L ва! he 1: mg. 
as == | 
С; t m . аа He $- . vedi - є 1 £ dp 
# — z ++ =i- t -tt ? сини тет н = 
r4 toe ts - + : uud. а ir 4- $a 4—4 
: +- H- = --+-+ нти ; ы іа e . рар jun rt 
| EI ED ТЕГЕ аг ані 
t » p 
КЕНЕЕН FEH НЕ 
T: : Ls 


Dd 





1 ' { 
і 1 itl : 
+ -$4 1-4 + eye? 
|] | 
4... ar таа a АВ 
да 44144 най. мы 
IH p и 
; $ Р , TE 
11111110 4. 






























t+ 
p 
; r E 4 59 ШЕН ; 
а — РНЕ РНЕ pause I 4 
Ее вана de dep Een 
HERES ze pes 22222222 ЕЕЕ 
ERBE: Ius LG o pope Rd. 

е ваввовнно завіз A в ас Л Ë mÚ 1! kaw É РТР т: 
i iF ЕНЕВ ЕЕ да HEH ЕН TU Sat Я 
e E dae ms на +: 

KE EH EEE т H 
p РЕВЕ РЕЧ = 











EE c 


++ 
E 
| 


ШЕЕ 











| 
4 





H: 
ЕН: 
БЕ: 


EN ! 





тона 








| 
1 


і ! 
I 3 ыы -— MH var en + 8-- - 
и ++ - - . ща є е. 9 > 
i і | 
=o + -4 - £ Ex 4; di^ ال‎ 
: Е 1 y i 7% 
— L L. 5 M 
m т "7 , зва 
Е E ` i I 1 
Im: en = s 
: | : 
і 6 фа -- Ae |, а і 
|, і я и: 
Е ud 4... , + t + 
y | - 4- - «з дка b 4 
2 18 іш. „ды | аан а Білан ў ай + F4 
{ ' t ! 
5 -= 4M .4 w- ў - L “. 
$ у 
= 2% бы 3 ..-- : с 
` : 7 ' 
* - ~~ М, № > = 4 
. i 4 M f i 
й 
ii. 


ib 
; 


i 


HE 





HEH rt 
Hee HESS ELI HE 
2354225 5227388526 2282322228 
ЕЕЕ ЕЩ 
| | Imm 1 eeu rn55REBESTE 
ы ЕЕЕ 


зы 
сш шшш 

ЕРЕН ep 
ШАН eee ee eer 








ес | 
[ESOS NO 179215 TE Ay з 
ЕН РЕНЕ 
851525552 a 


FEX рч 
а 9. Y и 
Eat 








MÀ р--ф — 


roa ty E “a ши 
„Жа! E 





































Е oom nn 
Spe ori tt nu niu Е ure 
p БЕІН 1325112 Етра 





E 


[| 
] - Р 

Zr 2. ж өсү 
" n Е па у Мам 
п ro ШЕР 2 тана 

} 
VE e яж 1 
1 | 1 а Пп 1 444 





не 








DE 


аа Ер = BE 
‘ ин eas ШШ 
uin ana 





HE 


63 


т=з== з RNR ی‎ .1..u. U. u... | 
г 
# 











ç 





2 


RR 777 
N = 


\ 
| 








6799 











NN 
е" 






TEN 


<лтаоча затія VOLVIS 





ANTE UAE 


OT “ОГА 





WITAOMd ятя Ww) row INTEL 


[| nd 





66 


` 


з 
s 4 


ӨЛІУІ20 WOIVIS GNV XOIOW ЯМІЯНО ` 
| x ы s ЕТ °914 
| ` i 2 (за a39uUwwosa 
: | мона мал) 801915 


(29:5 393ун2514 уюма мзіл) aalo | 






ва 
т 













TES 95 ВІ = 
в Ы 


е. 
.996 






` 
< < m — m m sm s ғ 


\ ч 
: t:s 43414 - 2 ы 


(туза 
335) 3114054 |. 
4ғ40а8У 11У Jang і 


GV% Si’ 

ном моі198 
4%73 INVIA 
зумчы C1 YEA 
"сее слати о 


ма з»: S 23308 Z 


"ти Ot'£ Sold ным 
ззаміїо мо мпошмо2 


2714094 “чоаозу liv 

“2,646 злами нім (зчіза 33°) 13104 
двем:1ло мо 51311а 
NDEMLA 1101403 


BNVid 












~ - -----< . - 
HIT а [EEG] wÑ 
і LE LA 


тав -- - 
LU ET 8 
aeee Р 
A. ——- < --- --. 
быс Кл ا لک‎ и 
— م و سه‎ 





-ф- ‘ 
1 

|) 
4 












































Е 


| 
| 








= 
' 

— 

* 

а 





ата 
тої T 
+ CET er. HH За dem 
+ 2 HH Н НІҢ BEI Pres tic +7 
+ - XI t- f He rrtt: 
ІЗІ HH (LL 
-+ + 4- ++ سه‎ + бв 
Та Ne 7 э 
al -- +f ++ ++ - 
7 = i а م‎ ЕҢ 
qe ~ 3 
B HO Wr 1+ ЕН 
+ wer T 
асн пове. +++ 
333007. 
аа 
4—= * + 


—- 


БЕ” Ете тине ӨТІ pass още [шы E EE tt р | | 
XML seran == г ава: С m-E Г 
"ШИНЧЕ НН НН Н HH + DE res Ser]. HH 
ot DH HH HH ыы о ae Se 
і і gasoe == ee Al lt ae eae a Po em раю. Ірака pe = аа аце у жщ 
мар е FI ЕЕ Сач аре ЕЕ айа Te 
So rr eee ee eee meer Е 
PEER ITE ET mech ee nl pence ee gee T hI PTI: EI ЕТ 
[Us] 151-7 ] Шар ш шу л — перото B ER (32 0] ARE поролон Ро РН Пе СУ TIT LNT LUT F-1 от m= 
ТЕТЕ ЕЕ ЕРЕЕН НЕ. AH ЕЕ ти НН T по 
Т ККЕ ЕНЕ ТЕ ЕЕЕ ЕН Ема. MEBE "SEHEN ЕЕЕ қ 
в БЕЗБЕН Еа ЕН ELLE НТ Наташа n в ee I 
[UI opt etz pyri ANE "x p. maw 3 mim [| 559]: masm == m masmi es cs Tos n | on |n оз тє Bugs Enim (m) G) m ruas арава р. Гата ош ор т | : š тога 
от ое о [Тас] Bel a ыры оте сыы и іссе” егете шш ШЕ ОВ О | | mman G = pusu sg sum [z u U акенцаў | 
ет зава аа аа РА ССЦ ПО ВО ОСЛО ОВ РОСТІ а ет аш е ЕЕ E -- 
eT} te oe eo Besser Т ЕТТ ЕЕ АЕ ТНТ Cc ава TE — 
OT E E EE A r Н eo O Beeman ITIL ЕЕН nnb цар TH: 
LEE P L TITI TL x ¿Lux <rt | лав СУ Hrn 
quc У ESG ІІ ен BEA вас " £. à n IIO OR Г =) Mes al і 
I Ti Pr SD IL ЕЕЕ ЕЕ LEE 9 АЮ е IN УН I М Н ТО а ТЇН 
tatata чн ЕНЕН HH He +++ возаєвая | з a. 
Hope r шагы ЧЕНЕШЕТ TH Ph Lp | шк ІНІНЕН 
і Т 
mua Ed gu RIBEN БЕЗІ (Eos rtg E] ESO COE C COUCH DASE CVAD SUT BS SSeS EE EEE E SEES жн 1888 SBOE °1° O Еги и аа иии в 
ЕЕЕНЕГІГІГЕЕ ЕТТІ eee eee ttt НН + ЕЕ КЕБЕГІ Бан Чан Пе ГЕНІН 
ГЕННЕН ГЕННЕН ЕТЕ n L FI выне 1 АННА EIS 
ТЕТГІІГЕТЕНГІП ГІТ COCOA COCA a в т 5 ААН LLL Ela HH 
эе ада о сни ввосо вавоовпосоа ва т Руа] E ul | МЯ ан "rrt (ара | ER 1.1 | | cuum] Doce guum 
СА ГА Ына сс T UE Кы нене ы ГЫН ТЕЕ s s күү вввасава газпозвваневоо 30505850 завав 
a ebene Bee р р ЧЕНЕ ЕЕ 
----- —— — — — — bcm - L —— - — АННА I pra І ы. ----- 
араў Em ЕЕЕ нң ЕЕ ІІІ 35]; 
аер Teer et Tt a tot певно FELT ава rm НЕЕ remm ИТИ BE абанай EH 
Jro o jJ j uen RENE = ЕЕЕ а Е таи + š FH m A 9-р 
DECCDEECEHEHECEEEEEE E CE Белгі ELE ы вина О Hod Б ЕГ Ба 5 m rt 
me sss), [mt usu zam) masa До фани о e| ртт [Ж алш { ETAL | T ee lem) [зара вара) ў 7,11] BEE ES 43E 
TEASED BE SAI MESEL CES ICID BENI ЕН Е EET Et ren uu ар H-PESEFEEEBEEI УНІ 
НЫ HH Возна рр вара cum E S gn] de a рава 4 HHHH A HH 
—]—— r-r k= И ES ES ше: ўза ада А nn HH У 
[gr TR ж А ge | | BERE DN З ЧЕ re aue ганец айч] => = аш”, т да [ | шша 
eet ЗРАЗЫ ыві р E НЕ х З EX ЕНЕН За т LT] me E а ААА 
Ira tT ввобаванняй Шекер шта р 716 ELT EE ЫЫ 3 БЕГГТІТІТІ ИЕ 
к= ЫЕ ТИТ ED BER Бараар 29 17 уар BEBODOBSERE. OBHE ар Та II e 
UOS ылы Жн ы сое ilapa ESEES ае а t p tai кє ресин d Пие ае са аца i ae ea, ЖЕ ГМ ERES EM ERE qi | s BERE ME 
уся эа ен аратара ыа сач аў ус ооо аве E ра LE ш 44 ста TAE H BREAN АА ра санне 1 n |] Pt 
mae enebe e n ЕЕ ЕЕЕ АР В РИ АУ 842 асы oT аре ИШТЕГЕН meet | 1 в IIT 
w асада аа IT IL S I L LI TL ер е Кш ЫК ЫЕ] in HH He | Е IH а @ а E gg 4 ШІ?! ай P 
ИНИНЕН НН EE аш EET ju тва sir Ё | BEREIT ESRA D РЕЯ 
HH HH ШЕШЕНЕ ААН — H Hot m 
| | КІТТІ ЕІ І | " EET EEE ае БЕН м ЕСЕП m —— DIETZ BLIAE 
ТҤШҤНҤК IE ЕНЕҢ Т Е ара НЕ 
HLT EP фа ЦІ і. EH ES : | ана d cpm 
ЕТІТЕЕГІІТТГЕГГІГІГІТІТІТІТІТТІТІГІТІТІТІТІГТТІТІГІТ ШІГТІТГЕТІЕГІІТІТІГІІ EEE zen СЕЧЕ ЕЕ ВЕНЕ Е а sess та тава тт тр тр 
С seele ГТ С РА r ШЕ БИТЕ ЕЕГ ЕЕЕ ЕТЕ B НЕЕ РА АРНА НА ЕЕЕ Т 
E E РЕНІ а ee | ЕЕ EEE нны гае есе роз 
БЕНУА ННІ ааа "i La ПУ F ЕЕ HHH L 
вв m m Evim im m g l z amic ma mama 0039 (сэ Ба гс зав вав a G= E 113111. АЧИ I] швесзи 8 
CETTE Eee ee co ЕЕЕ Шара ныш HE rrt Е: вас оо висине аза Ег а 
НЕН eee eer АРЕНА Ti rr и FEE HH вавы tt 
LEH Ha А a eee a ер = Jdünsss E ва Hd Li: eit ы Е еш | ЫЫ H 
ва иңе ды sss ma musasasa mase mer j mamam Каш г Ли) E E gu ауалы [ШЕРГЕ РШ] атаарар] в M. - Е r Drama Cs a a manam ú maaa 
32 ІІ ТРІО ТТ ІРО 1111: . J 2 AI E K LAS BEI LE І! IK Я: HOHH- 1 МиГ, | [8:71 7107171 sea IOISSHE Er Ht چب ا‎ —— EFE A 41 
ННІ Ne РАНА 8 ЕЕЕ rr: ЕЧЕН rir: Зра 7 
IIC TITI TU EET СЫ fee T IL свині ЕНЕТІН ER HH EHE ub aH ВЕЕТ E ED 
EEE EEE E ET Î АСЭНСАВАН ЕЕ БЕ FEE ET Bee aero eee НО 
ават te ae tee рр ЕЕ НЕНЫ lerne sess na Е ry: 1 — TETES 
Шш ог витае, завів Ee J еее кеш с Пе ее ун КГ Ро Пе сети Парво ‘1.7.3 B88 ++] 1 tt 
ШТ ЕН Г ТТ eee et eee prt ee ng Е TT 
KET Teer ETTI ee Е ІГГГЕГЕРЕРІГІТТІНГ put aed oa TT metal E 
чары I ры lee aa Besserer tt 1-- ра” 1987 ETT Tt: БЕНЕН 
еее = ЕН —— те 
рас 4—1 -.- + مسد ب‎ 
T Fame ЕЕ Ee E ib = = 
Bee ee ub ор ҤЕ а. Доза ا‎ zig ipud 
аа e у ар ай а 7781 10 Cee ІТ ТТ ТЯ min? a т i 
کج‎ т Є ЕАК ---і- -- tet + + 4—4 > E - ү ы ШЕ | й каше Ter — 
іт ТЕНГЕ ацца тырык ы Yo күс ha s: t] 4 m 1а TIT i р БАН 
= — - + + е - + t + + 4 + + 
EL ER ЕЕЕ EM mt ure et базы d i4 = ; цаў HH de I 
Lap EpL IM леи AM i сь” СН в ГЕП: ені 
ве ae tee егі; - i | ; і 4 ШЕ 
ое; 1 ME d a г. Lt ар E сараа m ngo 
ELI Lago : il i ope BE 
ооо | ВО | Мо Р”. І іна реф чор ДР P ! й = ; 7280. В Е = I qu 12 7 ра 4 E = ся ВО i 
Pr ee В ye ا‎ үс ae ar pugne ЗН ти ЕЕ аа ВАН 
aT з Bee eet > Мет" ; $ H r as | 
Е СЕЕ И Е 2 РЕ 1 сы ; EET] 
ПЕШЕНЕ Т En ra E 
НН SUI DODGE ва 
равнове 
iz t E Ро eta) пешая навей са Е 
аа TE ТОЕ ЕЕЕ ІТС 1 TE 
шы Ыы вы E ра Ыы Ее 1 aad URE еі 
FEET ЕЕН кертү LEE LEED з БЕРІ 


4. 
| 
ы 
1 
4 ' 
Li 


1 


1 t + + 
ТЕН 
1 Zi har 
b+ bd 
(d Це 4 
% % + 
| 44) 
4 + 











E ЕЕ 
оса ЕЕ в a 
Е 2 HERD 
+ 141. Евава 
ae 5-4 4 - 


rL 


Ë 


11 
rt 
! 





+ 


+ 


} 

НЫШ 

NI. "NERA 

SI qo 

141 

ва 

+ 

ШЕ 

Ва 

+ 

d | 








ВВ 
$ 














ي 


a 

.. 

іа 

L 

g 

* Hd 
EIERN], 
ЖИЕН 
SII 
iii 


ША 


T 


| 








пее" 
am 
+ +4 + 


® 

+ | 1 
4 [1 
n 


++ tr ++ š + => 

- —-+>$ парна 

E bi^ ptt зове! 
LL +H 


68 





Qao mang muc 
HEHE ГІНЕ 
в aa pes 
š e е . а Owe -. Ф Е 
T - е - є» те . , я Tu — b- 
` - т- ' st - - : — — - 
(pes Ba as —— : 
EI. ер tt po = ай ЕРЕ ROE і 
EH E га - ж-е + hec Ф ее а a ы 
ы DN те ec. Is за : | 
т ш pee i 
DE INI t get ЕЕГ i : 
md -—9- - 
ЕН E = LN ӨЗДІ 
а пп | ra = 
+ Ee 4 зема - -è - actin ще T 
Zeb ыы > - Zo Le ща ^E а ЕТТІ. LL ~ 
T e —] tmmgc з 
бана (тте ша m 8 
TET - . NS н НЕЕ а Er 
222241222122 фаст нати pel HERR 
ss Срам ера veta joes = эе Тары ашыш EEE "I 
ا‎ Pd ет № 
ganas е аавогог о0ванв я 
@@ ү т в т ББС] С] ш A жаг 
ЕН СН ЕНЕН Е a E ü aa pases 
[af ЕТТЕ ашын) Dg 
use Е 
= ое кү ON aoe 
реве ЕЕРЕЕ Е °: eo E а 
E ® 1 НН 5 
= s кыша A — 
m š ЖТ Hr EEE 
men = ЕЕ Баве. 
4 | E 14 
EHHH + 
НЕЕ ERA база dL 
аца a 
aye E 


Е 









































pom SERERE 
| СЗЯ 


тыу кре паа вае СЕРЕ T г завие 
ВЕ = ЕЕ lee E E EER 
Pe ЕА {ЕЕ т чац 
Er rema Әз E 
A. USE. Pa POE Wc EC pe 
LITT EE — QÊ BE а Ще = ЕЩЕ 
= Е | р LEE 
к ER БЕҢЕННЕНІ ERE 
--- - -- — en - $ - . e-e + -e - 








ons 
Sasse : = E — 
Е анна нін Ер Е 

Ne <— -ь- 5 -— RP tr em +. . 4 —— 4 u + 
HEE = аа ра wen ET cot anes es Ро 
в a. epa 4—44 Т SH u ера Ae 17 НЕЕ үү = EEL 
ва ары а вает ELIT 

' = 





ННІ 
HE 





m= tt +4 Fe ~~ М 44 +. ова Br Til, I 2 
ГЕ + ا‎ ae E .----- а e nt Е - -$ 4 -+- 
1 Tz TEES T е по Бані, = ane 
+ = — ~ i mt -- ы... 
В ар Be... 
рае + Е... а M Eni» e. а 
- — афа eR - ——- . — Fee ея [се 
, .---- or چ‎ + aa- -e 6 4-9-4 . oc - e 
.-- t “---- — „+... > . - 
й 2 LIVE LL. laud қа 
pu 7 тег: ТЕБЕ) s 
а ---% - 
Блат ---.- - 
с, р Me yw HU п 
oe tr e +++ 
Ee Ee зеі 
——_- 
Ч ЩН 
Ф 
рада 





— 
. а 
be „+ 4 4 
+ ere 
SIT 
і 59 
1 
) 
| 
1 





























Ber, Е я E е ag вен a 
Bee зо Б 4 паа 
ta oe ü E к үр РІГ | 

ває EE] 
PST 1 EES, 
PT ы Ht 
у 

+e. 
T EL A 
вовна 
Пар ода 





L 
! 


_ 


PS 

4 . 

* 

er 

eis! а 
2 


i 


69 


++ 


Тт 





еа і I ТЕНЕ Г dt ao НУ 
4 сере 1 аш 
г 
++ H H = 


geo 

Е RT Es HN EE Se ІІ ВЕН 
Ні р BM ү ЕЗІ н -- ЧЫНЫН 

ет 1 EL TLL Н z Et E HHH B 
HT ННІ DE Cun d ПЕН ВАНН А 
"qup с ш a Î а 

ШЕТ Та pen [de 80 HH рате] завост 

ШШ ШЕ Е Е ШП 

ШШШ ШП ЕНЕ IEEE GHI TT Hd "ul | ү 


- 


pru B. e aus ll АЦ 
ШШ ВАНЯ НЫ 
i ШЕЕ ТЕ US T | PA. 
anki: НЕЕ. wu 1 
ا ا‎ ШШ be cede - 

Н Ж і : ШЕ 
2 і . ГГ e m i СНЫ 
DER a СЕ ІШТІ ү ИШЕ ИИ 
|. Hus c ge | А 


ҮШҮҮ 


E 


| | 






















$ 3 





ЕЕ 
E 
5. 
TEE 
ЕН 
ss 
се 
A 
Ж = 
АЕ 
ЕНЕ 
Pre 
Einen: 
аш 

ЕНЕВ 
Е 
asses 
= 
атра 
НЕРВ 
дет 





















іа 

я? 
M 

+ 









+ 
%% 
m 


zl nn кн, ji m | ШІ ШО 
ue pe i "pu 2. zd 
EI ! | УРАН | у 
Sn EEE ee i ШЇ ЕНЕР ede d 
MO. HHI ETT Hu ІН Ни М 
C EL ПИШ "ETT TE ІШ 
ime пан ut = br 
ЕДЕННЕН ИНЕШ p mil 
3 САННЕ ПП КЕНЕНІ SIM ІНІНЕН 
КЫ: eBaca i she 
ose. ЖЕЕ 8378 THREE Е ? 
ШЕ: "ИҢ pM in ehe 
НЯ 


++ 


т-а 





Ja TIS 
26а НАН ве el 
















See ee е аата Зра М 1: Hi ДП 4. 41054 + 
к ЕЕ ЕЕ ] 1 i+: Е НЕ 
sr nah: i Hi 
pu E HE Hi Li 
... ‘ E. bà) c4 à Е 4- 

E pu de ШТІ du SI x 

ЕНЕДІ і ва бай ЕЕН 255 Er 
> isi gs & m Е 

НН е В E EH I f 

HH: фаза ры Ди aa 54 

4 











pan ~ 2 4-+ а +4» a 444 wy 24. t 4 a, + - 
p np pu pr | НДЫ 
абалап” И 4 4 ІНІН Ў Зар 
ГІ оа 2500. Mate ie | ل‎ 









` -} r ےه‎ - 
г "n i 
nr — Ре 
ТЕЗ ЦЕ 
Фф Ф -4 4-4 - 
++ + +» ++» zt 
(LIE 
+ +++- 
+ +-» 
4 * 
“ы 
TE 
е а. 
~ 
r 
КТ: 
» 


+ 
4 
+ 
b-a 
L 
+ + 


на. E 
>+ 
A 
age 
дав 
++ 
a PIT 
ES it 
ф-т а 
» -- 
T 
а 


oh ga 
"o 
+» 
- > 
>p 
te 
es 
-+ ++ 
; Teo Ф 
- 4 
A Ў М 
M 
E 
2 +> 


ert ee - 


5% 


` 
HOR ILA. 
+ 
5 
T 
PETS 
— 
‚rin 
to 


* 
+ 
š 
— 
* 
> 
>. + 
- 
- 


+ —- 
LRL. 
ET 
+ рар л poppy ее 
` «ра фі + + rd 
р-а з eo 
аа рр, 
a — 
tte- * sta 
..- -- * 1 wah 
- .-- - in + 


* 
З 
ж Ф “ ө- 
1 , L 
€ г 
АНГ 
weet 
4 
u et 
-pre $ + 
-— + 
I mn 
+ © + -- 
^ st herr 
Lg +4 +. 
——4 += эз» 
ab - -% 
ў 
++ 
5 
+ 


LEE] 
et Ї 
TIE 
+ 
ТЕ 





+ ++ 
аф 9-5 
фр + > 
+ ác 2 
* 

+ 


ае 
ПН 
е 


LII 
КЕН 
[2] 
ра 
cas 
rr 
a % ` 
раве H 
sur r 
1 — 


ү 
o 
.. 
еі 
ЕНТ +t 2 
+ + $ t+ жофоьсо 4 ы... 
M къ» ++ 4. ++ 
| n | | x 
a 
*4- +4 
ўс Ф 
den a + 


-b 


IHR 
БЫН 
СЕП СЕНЕН 


* 
— 


“я 
Eats Bi Ain 


++ 
а ж 
+s 


ў 


TI 
= 
*** + 
m 
НЕ 
eee 

++ * 
` Ж Та 
4. 


зо 


+—— m 


bpr - ! er +++} 
4 , 4 их eh} b 
+++ ++ + ti 4» +$ 
++ + "trt фе 


. % 
=o + .--% * 3 
444e $ +. + + 
== + we. же се 
| 
ut + re 
er rs 
- 





"ac в " 
HE 1 ages 
ТТ 1111) осон. 


ч 
- 





+——+ 


НЕ 





, 

1 
te 
И 











| 
1 
Н 


чі 





% * 
J. 
H E 
a: 
j 


SE блг ie —— УЗО | н ге и ча 
ЕЕ = == БЕ 


= m Br 
He m m" Ir ; 
اا‎ па T 
er не NE 


ЕЕ CERT 


ттт: 
eomm 
e -“-....- و‎ 
Е: б Кошке EE oe Fa Е 
а рт cC 1 rt ` 
هه‎ 
—. 








BH 
FEH 
ү 
H 











ШП 
ВЕ 
ШШШ 
р 
ШШ 
ШШ 
ШЕ 
| 
HH 


sea : +- T ++ ..— + 1 = - 
+ CE — EH uL 3 t- а 
saab itt es HE T рота 
р а س ھچ‎ 


РЕВ Пат 
сш. ! 
= я ВЕЕ 
- - — —+— 
>ле 








PEERS 









— 


+ 
Ë 
в 
в 
і ane 
} З 
| 
4 $45 
oh 
t4 | 








HH 
Ji 
| 





ur 

d 
1 
Г 





зно t foe = 
EI ut 
. el. -+ - 
7 = wm. а 
Е г 
— — a а 
E ———À— а 
E I TTS 
1 
са 
ЕСЕЕЕ 
тт ет 
het fete Het sch 
а = 
wee) 


| 











иа || 











Na 111; ii 
4 + +-+ } $ 4 
131 14 $-- 


Е ит. 5 
"ар 
ae 

б сачы TU 1 





тап 114144 
+ T 
++ | +4 + 
тр 
+ er 
4. 


+ 
1 
Ні 





— 
4 
ў $44 ++ rt um 1 
* —— 4- - + 
~ P д — c + 



































р 
« - е - 
gas فس‎ _ 4—— — .-- — BEER а іа » -- з a b= 
ңе к ——— — + у - 
++ са -— مت چ‎ rs 
е а-а 

ее» 
^ + E --+- зоні +» mer. 

E دبا‎ | rw <o se к rof фр ж-а. ЧЕ > 
E - * + Ad. - ...r- 
- - ` а ра а epia- Да 
- . . v . une“ = tars . ЕС A 4 Е 
- - - - - ere - 7 - ~ + --. - т іце 


ДА KA- zu. 
I N 
Eng s 
Lene] Та | 
сен + 
dime * = 
mu' PI 
ж : 


s-e 
2 бе 











3552926 


Hu 


A HEI гара 
- ІІ ҮП LE zn d: й i: і ШШ TH: 
БЕС ttt ttt І гі g FE 
"m EE їі Hu Bn 3 
UE d3 н. ap 
: it] Т 
а is HL HH HH e 
5 
| i ІШЕ НЕ 
uu HER 
ab асаў 
p 548 Б F 
MED. НЫ 
%% ШЕ; t НЕ ; 
pr 3 i = Te ШІ d 
= Н! JIT Sane 
ре 4 ЖШН in ЧЕ 
ү HT: 


m HU Em 
HH Бі 


wr ub: 


+ I і | 
44+ 
i fT 
Been! 
T + 
И Д 
Gp | | с 
' $-— c H 
4 + ' 4-4 
+ + 
| 4 


—— 4 шы ода ААН 
преси 


D ІҢ 


1 


тәне 


ша E 


i АЦ 


H AAE 


ps IIS 
s 


, е ь Ф -6 са sg 
| E : : і пяр: ВЕЕ i 
е mare. =m 
ка a 
geo C M n ا‎ Т "FH 
M OSEE “>, ese и 
E | І НЕ ЧЕ 
Š Lid ШЕРІ? m ЕН вепо 3 
T 
: i E BILE a 
Ф 4-а }. + 


Dp 


44-69-07 

а u Bass 

m- WOW: 
LIT HH в 

4 o 4-4 


ЖО 
E ic 


EUMD 
di ND 


ul 


зен НЕ ii 
: АНІ "В 
+4 |: $ ++ 
% HH à аў e di 
t y 
+ + 
+ 


eier: | pe 
E 2. 1 
: 7 та | dm 
du: BE E | 
" E ААА А mage 
as Liu ШЕ 
: - + 
Eu Tops ot 
MR m MENI 
ed ШЕ Ae Ж И ДІНШЕ TE | |. 
qu + 3 E 


ТТИ] | 
EN Ht 


ШШ 
ШЕ. нЕ 


den 
14. 
c ШШШ: 
НЕШЕ ТШІЕШІГІІ 

п ац [ЕКШЕ 


а ІІ ІҢ ; і 1 à т , 1 
EET Nel bu d ECCE #7 i 
У r] і 
d Hi 1. Tl: 


uu x 
. 


tet 1 тат аы, р ТТІ ne 


E iba dui 


ТІ: 

ШШШ ҮҮ 

cM v || ШЕШЕНІ 
ШШШ 


Ei cd ШЕЕ 
ШІ ў 


ЕЕ оа 


ІШ | i E | 
DOT | 
+ up RT: jeg dob pod 
АНА ВЕН үрүт 
ІНЕ ЕНЕ l 
Е ШЕ HH “. 


E F Hun 


EL PIE LE 
ШИШИШИ ЕНИН: 


p 


+ 
= id 
i “ы б Е 
Í. | ши 
1 rH: al 
| a + 

rt H: наве um Т E И 

) f 4 T і 

t aD 
; б T | 


ЕТГІ IE 
à 
is 
d: Hi 
in lg E | 
ез 


B 
ван 
M 
° + S 


"i 
2... 
ا‎ 


Î 
4 М. 
“ b è 
+s tit 
++» 


Hal el a 
БЕ 
БІ ШШШ 
ШЕШЕНЕП; 
. 
zi E ЕН НАВ ЕН 
Hm ШЫ: uu 
pp up d ІІ 
Hip BERE ЕНІНЕН 





HE СС Сас Тасі ес І асе L LL 28 T м ЕТ ВК 14—41. 
ЕН 


VIR "UT Hu EBERLE | ШШШ Nl 
| " | ШШ ШЕ um ИЧИНИН ШШ АЦЫ 
8 ИШИ ШЕЕ ES: SEHR a ІШІ 

ІП d Í Т ү ІШЕ ШТИ “Гр 
Up Hr —À -> E ЕЕЕ 
єр | EUIS р. 
бо аа 
ВН А ЕН x ШШШ 417 
НІНЕН 4 БІНЕ 1. ІШЕДІ — 
Е à ШШ Un uu B up Чын НН ШШ НЕГ ep qur 

pum a 112 1 
с! Т. idit EL SES EE Rs dd ШІ Е Dip 
pp ШІ du d ru F ы 12. ў і: 


ШИШҮҮ ee цен 
H 









































Ee um mU m 

id ШЕШЕДЕН НЕН ІШТІ — 

| 2. НН: 41 Ў ҮЛҮ 
Dp s НІНІ ШЕШЕ ЕНЕ Pel ЕЕ ЕШ — m dua 

x dd GB с CERE АННА ШЕТ ЕНЕ ЕН ЕНЕ: ЕЕ ШІ ӘННІҢ ПЕТ, d АНИ 
EJE Bin: | ll | CI SERE SEHE TE s ШЕШ 

Т ЕЕ Е в ВЕН CHINE Ер 

vus s TT 

ЕЕ На ЧЕ i: p d i 1 m 5. НАВАН pt 

HL RTH ЕЕ E EE O Е E miu pus 

шае аа ТЕЕ 

if и i [ii ав 


tt HEHH А FEH HiHi НЕ 





FH 
ace ғ ABD ЕНЕ НЕЕ ү БЕЛІНЕН 
ЕЗІ ILLI [iN ШЕН 


а BE dn у dd 1 















| | ү ШП i ү ИНИН 
| М НЕ hr — Г га: ўл ИШ: 
a | ГІТ? ІШІ ШЕЕ ся [ҮШ 
| E ШШ CUR mE ВАЕ qup mE 17 
Hn HEBEN ES st НЕ ЕТЕН ПЕЕВ HHI HHH: ЕГІН ІЗІНЕН HEHE um l B i 
ЕН а 








ub “ SHARES аа CM E Pur в | 
IEEE | ү in НЕШЕ шые ЧЕН m 


шеа sss aes 
H H TH E a gE @ HETE FH Ві г: 
TELET ЕТА 
у е ГТ | a 88828548 dune EH 
ПОТА: А АН eH 


EU шш: E ШІН 
Е HH | ien OE - GHH A a HH Bn Tc i В 
ur D. БЕБЕ dps iS 


"n 


E 

: d і ae ЧЕ E 
НЕ 2. Hu а в | uH p ва Ж ЧИН 
ЕГИ ЕЕ "UE ВАЕ rs 
i dx: 3 o p d г. ШЕЛДІ 

+ г НЕЕ (| ИШ: ІШЕ 
| Т) НЕ | oe En 

ЕЕЕ "ums | a Su ur ДЕНЕНІН 
БЕ ШЕ ЕЕН НН UE bo Н HH ЫЕ t pm dps ! 
mI DENEN EUM ШҮҮ i 

Ва а gs E г d EHE 141427 
- ШШ | | Pada іа l H d 
oS ШЕШ: nr. te 
HEHE ЕЕ HEH 225294242 EE pu ШЕЕ ЕЕН 
"I 2s EP UI SE 
ES i E QD Id Le 
E dus EE d | _ a ШЕННЕН ЕНЕ ШЕ 
2. . ə. 
Sn НЕ _ _ 1" сие В ue us bs 
ED 





pru 





г. | | | | | А 1: a ТЕ i DB | 
l t | | ій | T o HH HH 3 HE E АН ~ а ү p НЕДЕН 


| | = ШІ ШШ: E d 


СЕ‏ اا 

ЇН ШІН! HH E ee THE dup H HHBHEHE IH ІН | 
T Ше | M Г НЕ du - КЫШ: = l: Е nm a JHH EER Et x | 
3 113 1 ІІ і | X EE ЧЕН HEH] THI іні 
ЛЕН ре ЕНІ: а НЕШЕ . ЕНШІ Hi ЕТІ HE zb ІШТЕ 
3 Н {EHER a T i EE ЕНЕ = Hi deed HEUTE ЕНЕР БІНЕН ЕШТЕ ҮЕ НЕН а: 
ЗЕ pa Е и d us (eb H o ШШ — is 
ЧИНИН SST iu ES i DE ТЕ mpl ЕТШІ ШЕ 
ee -o — 2. ЕЕ 1. 421 Ha 
Hillu pt ЕЕ ЕЕЕ 

ШИЕ ШШЕН “ 2. 
ARE 44. ə ы. 


НЕЕ if _ Т о 


ни S ҮЧЕ Ma | PE 
Я НЕ d: = НЕҢ 


«2 - EHE ES - e EH He ЗБЕ Hi | 


ЕЕ 
НЕ tr 
d D 


HL в. 


и Е Ні 
HHI, 


| oe | | | [її "udo 
| Н | ЧЕ 8 ditt Ее zm HIHI 4. ЧЕНЕ Has IHHEEHEH 


2. Е E Ва ІШЕ RO E | Jd 


E i mE 

S HEU ANE E d _. "eS 
2. ЕЗІ ə 0 up E 
OE MEET dE ІШЕ ЕНЕ JU EN ju ЕНЕҢ ЕНЕ 
dd | | Т. ə“ 
дай 


ee I DINE 


ee 


+H ЕН H 

ЗЕНДЕЕ ЕН ni НЕН ЕНЕ E НЕН: HE 
ЕРГЕ --- вя sr TTT HLH 

LP 

ل 

H $0 BER 

"EIL 

Hin е + 


prp - 
БЕ ЕЕ E Ee 


C C Е | B Hm "n EH ELE SHE: d d ШЕ. $ E НА НЕ 
Ei d E КЕГЕ SE p HE SET Т. ІНЕ ERI ү. 


tn EE p up e ШЕНІ ШЕ UE 
un | ТЯ Т АН НЕЕ в e и: 
1 р prr san Ti Uu | ҮЕ 17 


Е 
H Ee E E 


75 > 





` 


INITIAL DISTRIBUTION LIST 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


Library 
U.S. Naval Postgraduate School 
Monterey, California 


Commander Naval Air Systems Command 
Department of the Navy 
Washington, D. C. 20360 


Commandant of the Marine Corps (Code АОЗС) 
Headquarters, U.S. Marine Corps 
Washington, D. C. 22214 


Chairman 

Department of Aeronautics 

U.S. Naval Postgraduate School 
Monterey, California 93940 


Prof. Michael H. Vavra (Thesis Advisor) 
Department of Aeronautics 

U.S. Naval Postgraduate School 
Monterey, California 93940 


CAPT Jacques Calvert Naviaux 
3rd Marine Air Wing 
MCAS El Toro (Santa Ana), California 


Associate Prof. Roy Reichenbach 
Department of Aeronautics 

U.S. Naval Postgraduate School 
Monterey, California 93940 


Office of Naval Research (Power Branch) 


Department of the Navy 
Washington, D.C. 20360 
(Attn: Mr. J. K. Patton, Jr) 


76 


No Copies 


20 


FLED 


Security Classification 


DOCUMENT CONTROL DATA - R&D 
(Security clasailication of title, body of abstract and indexing annotation must be entered when the overall report ie classilied) 


1 ORIGINATING ACTIVITY (Corporate author) 2a. REPORT SECURITY C LASSIFICATION 
UNCLASSIFIED 


2b GROUP 








Naval Postgraduate School 
Monterey, California 93940 


3. REPORT TITLE 


TRANSONIC TURBINE TEST RIG EXHAUSTER SYSTEM TESTS AND 
TESTS OF A REACTION TURBINE 


4. DESCRIPTIVE NOTES (Type of report and inclusive dates) 
Thesis, M.S., December 1966 


5. AUTHOR(S) (Last name, first name, initial) 





7b. NO. OF REFS 


15 







6. REPORT DATE Ja. TOTAL NO. OF PAGES 
December 1966 78 


Ва CONTRACT OR GRANT NO. 94. ORIGINATOR'S REPORT NUMBER(S) 
b. PROJECT NO. 


c. 9b. OTHER REPORT NO(S) (Any other numbers that may be assigned 
this report) 


d. 
Fha аа سم‎ —-has-beon—a а-а. хань 
| 10. AVAILABILITY/LIMITATION NOTICES Te rt-has-been-appre 


гезейвв and sale; its еа ів unlimited, 


a нь == 9 даах Yarfı 


= = | ڪڪ‎ 
11. SUPPL EMENTARY NOTES | 12. SPONSORING MILITARY ACTIVITY 
Commander Naval Air Systems Command 


| 
Department of the Navy 
аа ат "—— У Washington, D. C. 20360 


13 ABSTRACT 





А 


The primary purpose of the Exhauster System of the Transonic 
Turbine Test Rig of the United States Naval Postgraduate School, 
Monterey, California, is to increase the range of turbine operating 
pressure ratios by maintaining a partial vacuum inside a hood that 
encloses the turbine. The first part of this study is concerned 
with the design and the tests of the exhauster system. The experi- 
ments were used to establish a method of predicting the operating 
characteristics of similar ejectors which is based on the universal 
ejection properties of turbulent jets. 


The second part of this study describes turbine tests utilizing 
the exhauster system that were carried out to investigate the effects 
of high values of the isentropic head coefficient and Reynolds number 
on the turbine performance. No correlation could be established be- 
tween turbine Reynolds number and performance in the range tested. 


DD ° 1473 UNCLASSIFIED 


се Security Classification 


Security Classification 


KEY WORDS 


ПИЕ кепер 
Supersonic Ejector 
Reaction Turbine 
Reynolds Number 





LINK B 


Roe | wr 


LINK A 


ROLE WT 


LINK C 


ROLE 





INSTRUCTIONS 


1. ORIGINATING ACTIVITY: Enter the name and address 
of the contractor, subcontractor, grantee, Department of De- 
fense activity or other organization (corporate author) issuing 
the report. 


2a. REPORT SECURITY CLASSIFICATION: Enter the over- 
all security classification of the report. Indicate whether 
“(Restricted Data” is included, Marking is to be in accord- 
ance with appropriate security regulations, 


2b. GROUP: Automatic downgrading is specified in DoD Di- 
rective 5200.10 and Armed Forces Industrial Manual. Enter. 
the group number. Als¥, when applicable, show that optional 
markings have been used for Group 3 and Group 4 as author- 
ized. 


3. REPORT TITLE: Enter the complete report title in all 
capital letters. Titles in all cases should be unclassified. 
If a meaningful title cannot be selected without classifica- 
tion, show title classification in all capitals in parenthesis 
immediately following the title. 


4. DESCRIPTIVE NOTES: If appropriate, enter the type of 
report, e.g., interim, progress, Summary, annual, or final. 
Give the inclusive dates when a specific reporting period is 
covered. 


5. AUTHOR(S): Enter the name(s) of author(s) as shown on 
or inthe report. Enter last name, first name, middle initial. 
If military, show rank and branch of service. The name of 


the principal author is an absolute minimum requirement. 


6. REPORT DATE: Enter the date of the report as day, 
month, year; or month, year. If more than one date appears 
on the report, use date of publication. 


7a. TOTAL NUMBER OF PAGES: The total page count 
should follow normal pagination procedures, i.e., enter the 
number of pages containing information. 

7b. NUMBER OF REFERENCES Enter the total number of 
references cited in the report. 

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter 
the applicable number of the contract or grant under which 
the report was written. 


8b, &, & 8d. PROJECT NUMBER: Enter the appropriate 
military department identification, such as project number, 
subproject number, system numbers, task number, etc. 


9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi- 
cial report number by which the document will be identified 
and controlled by the originating activity. This number must 
be unique to this report. 


ОЬ. OTHER REPORT NUMBER(S): If the report has been 
assigned any other report numbers (either by the originator 
or by the sponsor), also enter this number(s). 


10. AVAILABILITY/LIMITATION NOTICES: Enter any lim- 


itations on further dissemination of the report, other than those 


FORM 
1 JAN 64 


DD 1473 (BACK) 


78 


imposed by security classification, using standard statements 
such as: 













(1) *''Qualified requesters may obtain copies of this 
report from DDC.'' 

(2) “Foreign announcement and dissemination of this 
report by DDC is not authorized, '' 

(3) ''U. S. Government agencies may obtain copies of 
this report directly from DDC. Other qualified DDC 
users shall request through 
а - 25 адме” АЕ За де 3. е QU 

(4) ''U. S. military agencies may obtain copies of this 
report directly from DDC. Other qualified users 
shall request through 

а ») 

(5) ''All distribution of this report is controlled, Qual- 


ified DDC users shall request through 


If the report has been furnished to the Office of Technical 
Services, Department of Commerce, for sale to the public, indi- 
cate this fact and enter the price, if known 


11, SUPPLEMENTARY NOTES: Use for additional explana- 
tory notes. 


12. SPONSORING MILITARY ACTIVITY: Enter the name of 
the departmental project office or laboratory sponsoring (pay 
ing for) the research and development. Include address. 


13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it may also appear elsewhere in the body of the technical! re- 
port. If additional space is required, a continuation sheet shal! 
be attached. 


It is highly desirable that the abstract of classified reports 
be unclassified. Each paragraph of the abstract shall end with 
an indication of the military security classification of the in- 
formation in the paragraph, represented as (TS), (S), (C), or (U). 


There is no limitation on the length of the abstract. How- 
ever, the suggested length is from 150 to 225 words. 





14. KEY WORDS: Key words are technically meaningful terms 
or short phrases that characterize a report and may be used as 
index entries for cataloging the report. Key words must be 
selected so that no security classification is required. Identi- 
fiers, such as equipment mode! designation, trade name, military 
project code name, geographic location, may be used as key 
words but will be followed by an indication of technical con- 
text. The assignment of links, rales, and weights is optional. 


UNCLASSIFIED 
Security Classification 








- 








і бій 





